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Preface 


Cytokines are of central importance in the regulation of immunity, inflamma- 
tion, tissue remodelling, and embryonic development. They comprise a group 
of low molecular weight proteins that are produced by many different cell 
types and generally act in a paracrine or autocrine fashion, their production 
being transient and subject to complex and strict control. Cytokines are rarely 
released singly. An individual cytokine is able to stimulate the production of 
many others generating a network that interacts with other cell regulators 
such as hormones and neuropeptides. 

An understanding of the cytokine network and its manipulation in disease 
states has considerable clinical potential. As soluble mediators of immunity, 
inflammation, and cell growth, cytokines are being used with increasing 
success in malignant disease, chronic virus and parasitic infections, and some 
rare congenital immune deficiencies. Paradoxically, uncontrolled or excessive 
cytokine production may contribute to the pathophysiology of some acute 
and chronic infections, autoimmune disease, and neoplasia. Thus cytokine 
antagonists, be they antibodies or peptide mimetics, have therapeutic poten- 
tial in many diseases. 

In the past 15 years cytokine research has become increasingly relevant to 
many different areas of the biological sciences and medicine. Because of the 
multidisciplinary nature of cytokine research, and the overlapping biologic 
properties of cytokines in vitro, it would be impossible to devote one chapter 
of this ‘recipe book’ to each cytokine currently identified. Instead, the book 
has been designed with three main aims: first, to select a number of biologic 
models and outline the ways of assaying cytokine activity in these systems; 
second, to provide a spectrum of techniques for assaying cytokines at the 
level of messenger RNA and protein, whether the sample be single cells, 
tissue sections, tissue cultures, culture supernatants, or clinical specimens; 
and third, to discuss strategies for purifying, and cloning new cytokine genes 
and defining the actions of their protein products. 

On receipt of all these detailed and fascinating protocols for the successful 
first edition of this book, I realised that this volume of the Practical Approach 
series unintentionally fulfilled another purpose—it provided a guide to some 
of the most important cell biology, immunology, biochemical, and molecular 
techniques in use today, a guide that is not exclusively for those interested in 
cytokines, but of interest to scientists from many different disciplines in 
medical research and the biological sciences. 

In this second edition, the majority of techniques have been revised and 
updated by their original authors, and important new techniques have been 
added. In particular, the book now contains a detailed guide to genetic 
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manipulation of murine cytokine genes, leading to the production of cytokine 
transgenic and ‘knock-out’ mice, assays for soluble cytokine receptors, and 
assays for the most recently discovered cytokines (up to and including IL-14). 
A quick scan through the list of contents reveals that almost two hundred 
different techniques are now described! 

For those readers who are using these ‘Practical Approaches’ for studies 
with cytokines, I would like to make the following comments. First, concern- 
ing the assay of cytokines. The regulation of cytokine production is complex 
with transcriptional and translational controls, soluble receptor proteins that 
inhibit biologic activity, and naturally occurring receptor antagonists. It is 
thus advisable, as several authors in this volume have pointed out, to use a 
number of complementary assay systems. Moreover ex vivo manipulation of 
cells and tissues may be enough to stimulate cytokine production: heparin 
can be a powerful inducer, as can adhesion to solid substrates. And all such 
responses are amplified in the presence of endotoxin which is, in itself, a 
powerful cytokine inducer. Indeed results obtained using the majority of 
techniques described in this book can be influenced strongly by contamination 
with endotoxin. Frequent checks of all reagents with commercially available 
endotoxin assays are recommended. 

Another important point to remember is that most of the cytokine activities 
described in this book are based on in vitro assays. The relevance of these in 
vitro activities to the endogenous function of cytokines is probably best 
defined at this moment in time by construction of mice transgenic for indi- 
vidual cytokines, or ‘knock-out’ mice unable to make a particular cytokine. 

There is still much to learn about the cytokine network both in vitro and 
in vivo, there are new cytokines to be discovered and characterised, new 
clinical applications for cytokines and their antagonists, and many pathways 
of cytokine gene activation to be illuminated. I hope that this description of 
techniques will help. Finally, I would like to thank all the authors of this 
second edition for communicating their techniques and experience so clearly 
and concisely. 


London F.R.B. 
April 1995 
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Cloning and expression of cytokine 
genes 


R. CONTRERAS, J. DEMOLDER, and W. FIERS 


1. Introduction 


Cytokines are proteins secreted by a cell into the extracellular fluid where 
they exert their effects on the same cells (autocrine activity) or on neighbour- 
ing cells (paracrine activity) by interacting with specific receptors. Most cyto- 
kine proteins have, on a molar basis, very high biological activities (for 
instance, colony stimulating factors are active at 107 '! to 107" M concentra- 
tions) which usually can be assayed in rapid, sensitive and fairly specific in 
vitro test systems. These fast and simple detection systems have played a 
crucial role in the cloning of the corresponding cytokine genes by providing 
tools for either purification of the protein, the mRNA, or the direct detection 
of biologically active clones in cDNA expression libraries. Other cytokines, 
suchas the strongly inducible chemokine family (the mRNA for these molecules 
can represent 1% of the total poly(A)* RNA after stimulation), act in much 
higher concentrations (107° to 107° M) and have often been cloned by 
different techniques such as induction-specific differential hybridization or 
subtracted libraries. An important factor in a successful cloning procedure 
is the presence of an abundant source of protein and mRNA. The expression 
level of the desired gene in this source determines the frequency with which 
the genes will be found in the cDNA libraries. 

After cloning and sequencing the gene, efficient expression of the cDNAs 
has been obtained for all cytokines in prokaryotic, yeast or fungal, or mam- 
malian systems. The most important steps concerning cloning and expression 
of cytokine proteins, except for the techniques used for purification of the 
natural or recombinant (r) cytokine proteins, will be described in this chapter. 
A general guide for purification of proteins has appeared recently (1). A more 
detailed description of the biological assays used for detection of individual 
cytokines is given in Chapter 21. 
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2. Synthesis of cDNA libraries 


2.1 Preparation of mRNA 


A prerequisite for the synthesis of a large, full-length cDNA library is an 
excellent preparation of mRNA. Several procedures for the preparation of 
eukaryotic mRNA have been described in detail in previous volumes of this 
series or in several laboratory manuals (2-5). In summary, two major pro- 
cedures have been used. In the first, extraction of total RNA is obtained 
under strong denaturing conditions with guanidinium thiocyanate followed by 
centrifugation in CsCl buffer (6) and a sucrose gradient (7). This method is 
especially advised for the extraction of mRNA from primary cells such as 
spleen or peripheral blood lymphocytes. A second, shorter procedure for the 
extraction of cytoplasmic RNA by lysis of the cells in NP40 buffer, has been 
used routinely in our laboratory (2). A detailed description of the latter 
procedure is given in Protocol 1. 


Protocol 1. Preparation of cytoplasmic RNA from cultured cells?’ 


Equipment and reagents 


PBS: 0.14 M NaCl, 2.7 mM KCI, 6.5 mM œe TE buffer: 10 mM Tris-HCI, pH 8.0, 1 mM 
Na -HPO,, 1.5 mM KH,PO,, pH 7.2; sterile EDTA 


RNase-free e Phenol/TE 

e NP40 lysis buffer: 0.5% NP-40, 10 mM Tris- e Phenol/chloroform/isoamy! alcohol 
HCI, pH 8.0, 140 mM NaCl, 1.5 mM MgcCl,, (50:49:1, v/v) 
1000 U/ml RNasin (Promega) e Chloroform/isoamyl alcohol (96:4, v/v) 


HB4 Sorvall rotor s Ethanol 
e 2 X RNA extraction buffer: 0.2 M Tris-HCI, 
pH 7.5, 25 mM EDTA, 0.3 M NaCl, 2% SDS 


Proteinase K 


ə Falcon blue-cap tube (50 ml) 
e 1% agarose gel 


Method 
1. Wash the cells twice with ice-cold, sterile RNase-free PBS. 


2. Resuspend the cells in 10 ml ice-cold NP40 lysis buffer. Shake carefully 
and place on ice for 3 min. 


3. Remove the nuclei by centrifugation (2500 r.p.m., HB4 Sorvall rotor, 10 
min at 4°C). Carefully recover 9 ml supernatant. 


4. Add 1 vol. of 2 x RNA extraction buffer and proteinase K to 200 pg/ml. 
Incubate at 37°C for 30 min. 


5. Extract once with phenol/TE, once with 50% phenol/49% chloroform/ 
1% isoamyl alcohol, and once with 96% chloroform/4% isoamyl alcohol. 
Precipitate the RNA with 2 vol. of ethanol for at least 2 h at —20°C in 
a 50 mli Falcon blue-cap tube. 


6. Collect the RNA by centrifugation at 3500 r.p.m. for 30 min at 4°C. Wash 
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the pellet with 70% ethanol and dry under vacuum. Dissolve in 2 ml 
TE pH 8.0. 


7. Measure the yield and quality of the RNA by determining its absorb- 
ance at 260 and 280 nm. Also test its quality by electrophoresis on a 
1% agarose gel. 


* Adapted from ref. 7. 


P Protocol for 108 lymphoid suspension culture cells. 





Classically, the poly(A)~ fraction of the total RNA preparation is purified 
by chromatography on oligo(dT)-cellulose or poly(U)-Sepharose (5). Recently, 
rapid and efficient procedures, using oligo(dT39) bound on latex (8), or 
magnetic (9) beads have been introduced and used successfully for the prep- 
aration of several cDNA libraries (our unpublished results). 

Certain studies of cDNA libraries of small numbers of cells require scaled- 
down versions of protocols for the isolation of RNA: a modification of the 
guanidinium thiocyanate technique (6) was published by Hahnel et al. (10), 
and the acidic guanidinium thiocyanate—phenol—chloroform method was 
modified by Weng et al. (11) and Belyavsky et al. (12). 

More recently, several companies have commercialized very useful kits for 
the preparation of mRNA from mammalian cells or tissues. 


2.2 Conversion of mRNA to cDNA 


The conversion of mRNA to cDNA has become a standard technique for 
which several commercial kits are available. The procedure can be modified 
according to the way the cDNA will be inserted in the vector. The choice of 
the vector, in turn, is dependent on the way the library will be screened (see 
Section 3). A good overview of the different routes for the preparation of 
cDNA, and of the vectors which can be used for insertion, 1s given by Kimmel 
and Berger (13). In summary: 


(a) If only screening by nucleic acid probes or antibodies is envisaged, all 
protocols giving a sufficiently large library will suffice. 


(b) Screening for very rare genes, which require libraries of > 10° clones, 
with antibodies in an expression library will be easier in a Agt11 vector 
than in a plasmid. 


(c) It is easier to screen large phage libraries (the best choice is \gt10) than 
large plasmid libraries with oligonucleotide probes. A detailed description 
for the synthesis of Agt10 and Agt11 libraries is given by Huynh et al. (14). 


(d) If screening by functional expression is to be used, the choice is again 
between a phage or a plasmid system. Both systems have been used 
successfully. The XZAP-II vector system is particularly attractive since 
the expression cassette is easily recovered for subsequent transcription 
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experiments in a plasmid background by co-infection with a helper phage 
(15, 19). In several respects it is, however; simpler to work with plasmid 
than with phage libraries. The subcloning of the phage inserts into a 
plasmid expression vector, which is usually desirable for obtaining maxi- 
mal expression levels, is also avoided. 


(e) If cDNA libraries have to be made from limiting amounts of material, 
adapted techniques for mRNA preparation and cDNA synthesis are to be 
used (16). 


(f) Since the transformation frequencies of Escherichia coli cells obtained by 
improved protocols (17) and by rather simple electroporation procedures 
routinely vary between 10° and 10° transformants/pg DNA (ref. 18 and 
our own experience), it is possible to construct libraries in plasmids encom- 
passing several million clones starting from 5 wg poly(A)" mRNA. 


3. Screening of the cDNA libraries for cytokine genes 


Historically, the first cytokine genes were isolated on the basis of biological 
signals obtained by injection into Xenopus laevis oocytes of MRNA released 
from filters containing pools of cDNA plasmids (hybrid release selection) 
(7, 20-27). This procedure requires an abundant source of highly active 
mRNA. Later on, by improvement of sensitive protein sequencing pro- 
cedures, several cytokine genes were isolated by hybridization selection with 
oligonucleotide probes deduced from the amino acid sequence (28-32). More 
recently, elegant selection strategies were used to isolate the genes for cyto- 
kines by direct expression in in vitro (33-35) or in vivo systems (36-38). Very 
recently, cytokine gene clones have been isolated by selection procedures 
which identified the biological activity after the clone was selected (39, 40). 

Screening procedures on the basis of biological activities are described in 
Section 3.1, screening procedures based on data obtained from the purified 
protein are described in Section 3.2, screening on the basis of nucleic acid 
sequence data is described in Section 3.3 and screening by comparison of 
different cDNA libraries is described in Section 3.4. 


3.1 Screening on the basis of biological activity 
3.1.1 Hybrid selection 


The first cytokines were cloned on the basis of a selection procedure which 
is called ‘hybrid selection’. Briefly, the procedure is as follows: 


(a) Groups of a limited number of plasmid DNAs (derived from a fraction 
of the total library) are fixed on solid supports (nitrocellulose or nylon 
membrane, DBM paper) and hybridized to authentic (mostly sucrose 
gradient-enriched) mRNA preparations isolated from the cell lines or 
organs producing the desired cytokine. 
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(b) The hybridized mRNA fraction is then eluted from the filters and tested 
for the presence of mRNA coding for the desired cytokine by injection 
into X. laevis oocytes. 


This procedure is only applicable if mRNA preparations are available 
which produce high biological signals after translation in X. laevis oocytes. 
Indeed, a certain loss of biological activity of the mRNA preparation usually 
occurs during the hybridization procedure. Although technically demanding, 
the procedure has permitted the isolation of the genes coding for interferons 
(20-23) and the first cloned cytokines (7, 24-26). The technique of mRNA 
translation by injection in X. laevis oocytes is described in detail by Colman 
(41), although in our laboratory much simpler equipment is preferred to that 
available commercially (42). 

Lomedico et al. (43) used an elegant selection technique to isolate the 
cDNA clone for murine (mu)IL-1 based on the availability of a goat anti- 
(mu)IL-1 antiserum. Groups of cDNA clones were screened by hybrid selec- 
tion using MRNA derived from IL-1-producing cells. The released mRNA 
fractions were then translated in reticulocyte lysates, and the proteins were 
immunoprecipitated by means of the specific antiserum and analysed on 
denaturing polyacrylamide gels. In this way, they could identify a 33 kDa 
polypeptide, which corresponds with the precursor to the heterogeneous 
collection of lower molecular weight IL-1 polypeptides found in the culture 
supernatant of a stimulated macrophage-like tumour cell line (P388D1). It 
was estimated that only 0.005% of the poly(A)* RNA from superinduced 
cells coded for this IL-1 precursor protein, showing the great potential of the 
screening technique. 


3.1.2 Direct expression by in vitro transcription 


The simplicity and high efficiency of an in vitro expression system for the 
expression of a cytokine was first illustrated by injecting into X. laevis oocytes 
transcripts obtained from the human (h) IFN-f gene transcribed from the À 
phage P; promoter by means of E. coli RNA polymerase (35). The complicated, 
but necessary preparation of ‘capped’ transcripts for this system, previously 
carried out by post-transcriptional enzymatic conversion of the 5’-terminal 
triphosphate to a cap structure (44), can be avoided by a simple addition of 
pre-synthesized, commercially available cap structures during the in vitro 
transcription reaction under appropriate conditions (35). Similar observations 
using a promoter derived from a Salmonella phage have also been reported 
45). 

| ta cDNA clone for murine (Mu) B cell growth factor (mIL-4) was the 
first to be isolated using an in vitro selection technique based on translation 
in X. laevis oocytes of SP6 polymerase-produced transcripts (33) (Figure 1). 
The source of biologically active mRNA was insufficient to use the hybrid 
selection procedure. Transcripts of the total cDNA library (45000 clones), 
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Figure 1. Strategy for the synthesis of an in vitro expression library. The construction of 
the vector primer and the linker fragment are described by Noma et al. (33). The cDNA is 
synthesized according to the Okayama and Berg method (51), whereby the T-tailed vector 
is used to prime the first-strand synthesis, then the first strand is tailed with CTP and 
terminal transferase (top left), and the construction is closed by annealing with the linker 
containing the promoter (top right) and second-strand synthesis. Transcription of the 
clones is carried out after linearization of the plasmid with a restriction enzyme cutting 
in the multi-cloning site MCS (arrowhead in the bottom diagram). 


A-T-tail 


as well as from an enriched library (4000 clones) produced upon translation a 
biological signal, and allowed the isolation of an IL-4 clone. The same pro- 
cedure was used to isolate the cDNA clone for IL-5 (34). In vitro expression 
systems have also been very useful for cloning the genes of transporter (46) 
and receptor molecules (47). 


3.1.3 Direct expression in bacterial cells 


Although direct expression of eukaryotic cDNA in bacterial cells as such 
is practically impossible, eukaryotic coding sequences can be expressed in 
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bacteria after fusion to bacterial proteins. Protein synthesis in the heterologous 
bacterial host is initiated at the bacterial initiation signal present in front of 
the homologous protein fusion partner to which the eukaryotic polypeptide 
is further added during the elongation process. This fusion protein can then 
be detected if an antibody is available. Immunological screening for proteins is 
carried out most frequently with recombinant expression libraries constructed 
in either plasmid (48) or bacteriophage Agt11 vectors (49). In this way a human 
high-molecular-weight B-cell growth factor was cloned from PHA (phyto- 
haemagglutinin) stimulated Namalva cells using the AZAP expression vector 
(15, 50, Stratagene). As the process of preparing antibodies for a cytokine is 
lengthy, this cloning procedure has not been followed frequently. 


3.1.4 Direct expression in mammalian cells 


The possibility of identifying mammalian genes by direct expression of their 
cDNAs in mammalian cell lines was first documented by Okayama and Berg 
in 1982 (51). They designed the pCD mammalian expression vector which 
contains the SV40 early region promoter, the late splicing junction and the 
origin of replication (ori; see Figure 2). The first cytokine identified in a 
mammalian expression library was murine mast-cell growth factor, which 1s 
identical to mIL-3 (36). After selection of a number of possible candidates 
by the hybrid release technique (see Section 3.1.1), a full-size clone was 
isolated by transient expression of the plasmids in COS-7 monkey cells. COS- 
7 cells were used as the recipient for this plasmid, because the expressed SV40 
large T antigen drives the replication of the pCD DNA from the SV40 ori. 


SV40O ori 


VA genes 


early promotor 
splice 
junction 





VÀ leader 





i  A-T-tail a 
ori poly A ori poly A 

Figure 2. Structure of two mammalian expression vectors pCD and p91023 (B). The pCD 
vector system was developed by Okayama and Berg (51). The cDNA is synthesized in an 
oriented way in the vector. Transcription of the cDNA is from the SV40 early promoter 
clockwise towards the SV40 polyadenylation signal. The p91023 (B) vector is an optimized 
mammalian expression vector (52). It contains: (i) an SV40 origin and enhancer segment 
for replication in COS cells; (ii) the adenovirus major late promoter (Ad-MLP) coupled to 
the adenovirus tripartite leader; (iii) a hybrid intron; (iv) the SV40 polyadenylation signal; 
(v) the adenovirus VA | and VA II gene region; and (vi) a dhfr cDNA insert. The cDNA is 
inserted, after ligation to EcoRI adaptors, in the EcoRI site. The orientation of the insert 
may be sense or anti-sense. 
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The pCD-transfected cells were able to express the interleukin to levels which 
were 300-fold above the background. Plasmid-pools containing 1% of full- 
length clones transfected in COS-7 cells produced readily detectable IL-3 
levels. The same group used the above described expression plasmid for the 
selection of human full-size GM-CSF cDNAs in a library of 10000 individual 
colonies. Screening of the culture medium of COS-7 cells transfected with 40 
groups of 48 individually grown clones for ċolony-stimulating activity re- 
vealed four positive pools from which the individual clone could easily be 
identified (37). A similar technique, using an optimized expression vector 
p91023(B) (see Figure 2), was applied by a group at the Genetics Institute to 
isolate the genes for hGM-CSF and hIL-3 (52, 53). The cloning of the latter 
proved to be a complicated task (53). Indeed, the usual technique of cross- 
hybridization between murine and human genes was inapplicable because of 
low nucleotide sequence homology. The problem was further complicated by 
a low expression level of the cytokine by activated human peripheral blood 
lymphocytes. Using an assay developed for the detection of GM-CSF, gibbon 
T cell lines were identified which secreted a growth factor non-neutralized by 
anti-GM-CSF serum. Hence the multi-CSF (IL-3) clone was isolated from the 
gibbon cDNA library by screening transfected COS-1 cells for a biological 
activity in the hGM-CSF assay in the presence of antiserum to GM-CSF. The 
human clone was then identified by cross-hybridization with the gibbon clone. 
The human and gibbon clones were found to differ in amino acid sequence 
at only 11 positions. 

Direct expression strategies in mammalian systems have proved to be 
extremely powerful for the isolation of receptor protein genes (54, 55). How- 
ever, this approach requires high-quality (i.e. full-length) cDNA libraries. At 
present, numerous receptor genes have been cloned and sequence compari- 
son has allowed the identification of receptor families such as the TNF/NGF 
receptor superfamily. For certain receptors, found on cells of the immune 
system, ligands are unknown and, therefore, they constitute ideal candidates 
for use in a search for novel immunoregulating cytokines. Recently, the 
ligand for an inducible T cell antigen was cloned by expression cloning in 
COS-7 cells (38). It was found to be a membrane glycoprotein with an 
extracellular domain showing clear sequence homology to corresponding 
regions of TNF, LT-a (lymphotoxin), LT-B and ligands for the CD40 and 
CD27 receptors. The interaction of the 4-1BB antigen with its ligand, induces 
proliferation of activated thymocytes and splenic T cells. In this case, growth 
of one cell, apparently, is activated by contact with an antigen present on 
another cell, unlike the case with classical cytokines, which are secreted, 
migrating molecules. 

Besides transient expression systems, as described earlier, the potential use 
of more permanent expression systems for cloning new cytokines was illus- 
trated by Rayner and Gonda (56). They synthesized a directional cDNA 
library in a retroviral vector. By functional screening in the appropriate cell 
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lines they could isolate the cDNAs for IL-3 and GM-CSF. The more general 
use of retroviral vectors for persistent expression in vivo was described by 
Naviaux and Verma (76). 

The use of retroviral vectors is also described in systems where gene 
therapy by cytokines is envisaged (57). 


3.2 Screening on the basis of protein sequence data 


When a portion of the amino acid sequence of a protein is known, an 
oligonucleotide can be designed based on this information. Due to the de- 
generacy of the genetic code, the selection of the protein region for reverse 
translation into nucleic acid sequence is somewhat complicated. Several 
aspects, such as length, G+C content, self-complementarity and complexity 
have to be considered. A detailed analysis of these considerations is described 
in the literature (58—60). The technique of oligonucleotide screening was used 
successfully for a number of lymphokines [e.g. hM-CSF (29), hIL-6 (30), hG- 
CSF (31), mGM-CSF (32), hTNF (26), mTNF (27), etc.]. In some cases, a 
special technique of overlapping oligonucleotide probes may be advantageous 
to obtain high-radioactivity probes by a simple filling-in polymerization using 
Klenow enzyme (27). 

More recently, hybridization probes were generated by using oligonucleo- 
tides derived from the protein sequence, in an in vitro DNA amplification 
reaction (PCR). In this way, larger probes are generated with complete 
homology to the desired gene. This technique was used to clone a ninth 
member of the fibroblast growth factor (FGF-9) family (61). 


3.3 Screening on the basis of nucleic acid sequence data 


Once the cDNA sequence for one organism (often human or mouse) has been 
cloned, it is often desirable to isolate the cDNA for the same gene function 
in other organisms (degree of relatedness at the molecular level, functional 
cross-reactivity between species, etc.). For this heterologous hybridization 
techniques are often applied. Before screening heterologous libraries, the 
usefulness of the probe is tested on genomic DNA digests or mRNA prepara- 
tions of cells which are known to express the gene of interest. 

Hybridization probes can also be synthesized by PCR technology starting 
from oligonucleotides derived from more conserved regions in the proteins. 
The number of such successful gene isolations is so large that it is impossible 
to even make a reference list. 


3.4 Differential screening 


In differential screenings, cDNA sub-libraries from activated cytokine pro- 
ducing cells (e.g. a T lymphocyte) are analysed by a primary screening 
criterion. This criterion is inducible upon a certain stimulation of the produc- 
ing cell. In a second screening the activity of the cloned protein is determined. 
In this way, interleukin-13 was discovered after stimulation of the T cell CD28 
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antigen by the B7/BB1 B lymphocyte surface antigen (39). The sub-library 
can be formed by substraction (39) or screening with degenerate oligonucleo- 
tides derived from a homologous coding region found for certain groups of 
cytokines. Additional criteria, such as the presence of destabilizing TATTT 
sequences in the 3’ untranslated regions can also be taken into consideration 
to make the decision to further study a selected clone (40). 

The identification of tissue-specific or cell-type specific genes by the power- 
ful differential display technology, first described by Liang and Pardee (64), 
will also, most likely, contribute to selection of interesting sub-groups of 
cDNA libraries from immune-active cell types. These techniques represent a 
new approach to previously described procedures in which the known biologi- 
cal activity was used for purification of a protein, or for isolation of cDNA 
by expression cloning. Here, the biological activity is determined after the 
gene has been cloned. 


4. Heterologous expression of cytokine genes 


After a putative cytokine cDNA clone is isolated by a technique which is not 
based on direct expression, it is most important to demonstrate that the clone 
obtained can produce biologically active cytokine. To this end, several ex- 
pression systems are available. However, a mammalian system will often be 
chosen instead because these systems guarantee a more faithful translation 
and processing from a minimally manipulated clone, although the expression 
levels are often rather low. Indeed, secondary modifications will be carried 
out and secretion will almost certainly be observed if the complete informa- 
tion for the signal sequence is present in the cDNA clone. Efficient vectors 
for transient expression in African green monkey cells, based on SV40 repli- 
cation and expression signals, were developed by Gheysen and Fiers (65), 
and later optimized by Huylebroeck et al. (66). Often, similar vectors, from 
which the coding information for the large T antigen has been deleted, are 
used to express genes in COS cells (67). 

Once a biologically active clone is identified, a strategy has to be selected 
for the preparative synthesis of the desired cytokine in larger quantities. 
Three main options are open: expression in mammalian cells; expression in 
lower eukaryotes; or bacteria. 


4.1 Expression in mammalian cells 


Mammalian expression has a number of advantages which arise from the fact 
that the heterologous gene is expressed in a host cell which most closely 
resembles its natural milieu. The proteins fold in a correct way and they form 
the appropriate disulphide bridges. Furthermore, post-translational process- 
ing and modifications (especially glycosylation) will be more faithful. Two 
examples of mammalian expression systems will be briefly discussed: a transient 
expression system and a permanent expression system. 
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4.1.1 Transient expression 


Transient expression of a gene is obtained by the transfection of a transgenome 
(usually a manipulated viral genome; mostly SV40) in a host cell which allows 
replication of the transfected DNA to high copy numbers, ensuring a high- 
level expression of the heterologous gene (65). A second system is the SV40 
vector/COS cell system. COS cells are African green monkey kidney cells, 
the permissive hosts of the SV40 virus, which express constitutively SV40 T 
antigen required for SV40-DNA replication. The high episome DNA copy 
number, combined with the high transfection efficiency of these cells, results 
in a very efficient level of heterologous gene expression (e.g. around 1 pg 
IL-2/10° cells) at 48-72 h post-transfection (67). 

Although being non-mammalian, insect cells behave very much like mam- 
malian cells. They have been used for heterologous production of several 
cytokines (68) after cloning the genes in a baculovirus vector. They also carry 
out post-translational modifications like N- and O-glycosylation, but the 
carbohydrate structures obtained do not prevent a rapid clearing of such 
proteins after injection into the bloodstream (69). Transient expression sys- 
tems may be advantageous for the synthesis of gene products which show 
toxicity to the host cells (66). 


4.1.2 Permanent expression 


For larger scale production purposes, massive transfection of mammalian 
cells is an unpractical procedure. However, it is possible to construct cell lines 
which constitutively secrete certain cytokines fairly efficiently. For example, 
stable cell lines were obtained secreting up to 10 pg/ml IFN-y in the culture 
medium by co-transfection of CHO (Chinese Hamster Ovary) dhfr™ cells 
with the plasmid pAdD26SV(A) ~° (70) containing a selectable dhfr marker, 
and the plasmid pSV2-IFN-y, containing an expression cassette of the gene 
of interest, in this case hIFN-y (71). Because the genes (selective marker and 
expression cassette) often become linked during the co-transfection process, 
there is the possibility of co-amplification of the expression cassette by selec- 
tion for amplification of the dhfr gene during growth in increasing concentra- 
tions of methotrexate (67). In certain cases, however, additional amplification 
efforts did not increase the initially obtained (rather low) production levels 
(72). The major drawbacks of the animal cell culture approach are the high 
cost of media, the requirement of highly skilled labour and the possibility of 
contamination by viruses, other cytokines, etc. 


4.2 Expression in lower eukaryotes 


Because cytokines are all secreted proteins, their native structure is formed 
during a delicate and complicated translocation process through the secretion 
pathway. This folding process is often difficult to mimic in test-tube conditions. 
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(A) pUDT2 secretion vector 
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(B) Sequence of the secretion vector gene fusions 


(a) ... GGG GTA TCT TTG GAT AAA AGA GAG GCT GAA GCT 
--- Gly Val Ser Leu Asp Lys Arg,Glu Ala,Glu Ala [HETEROLOGOUS GENE 
KEX2 STE13 


(b) ... GGG GTA TCT TTG GAT AAA AGA 


--- Gly Val Ser Leu Asp Lys r GENE 


KEX2 


Figure 3. Structure of the yeast pUDT2 secretion vector. (A) The pUDT2 vector contains: 
(i) the total 2-mu plasmid for replication in cir° strains; (ii) the dhfr amplification cassette 
(63); (iii) the ura3 selective marker; (iv) the bacterial selection and replication sequences 
(Amp and ori), and (v) the secretion cassette (promoter, MF-prepro, CYCC terminator). (B) 
The precise structure of the fusion between the mating factor prepro-sequence and the 
heterologous gene is shown. Depending on the type of fusion, the KEX2 and STE13 
proteases (a) or only KEX2 enzyme (b) are involved in the processing of the fusion 
precursor protein. 


Therefore, the heterologous production of cytokines preferentially is best 
achieved using a host with an active secretion system. An elegant secretion 
system has been worked out for the yeast Saccharomyces cerevisiae (73). The 
heterologous protein is fused to the mating factor prepro-leader region (see 
Figure 3B) which contains processing signals for the yeast proteases KEX2 
and STE13. The KEX2 protease cleaves the precursor at the carboxyl- 
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Table 1. Expression levels obtained for cytokines using 
different promoters in the yeast secretion system 


Heterologous gene Promoter Yield (ug/ml)? 
hIL-2 a-MF? 6.0 
mIL-2 a-MF 0.1 
GAL1 3.0 
mIL-5 a-MF 0.3° 
hIL-6 a-MF 5.0 
GAL1 30.0 


“Biological activity measured in the non-purified medium of a 
yeast culture grown to an ODggo = 6. 

a-mating factor. 
“Data taken from ref. 72. 


terminal side of Lys-Arg, and the STE13 gene product, the dipeptidyl amino- 
peptidase A, removes the Glu—Ala dipeptides at the amino terminus of the 
excised protein in case they are present. The presence of the Glu— Ala dipeptides 
is optional. They will be inserted only in fusion situations where defective 
KEX2 cleavage is encountered. 

We have used the mating factor secretion system for the expression of hIL- 
2 and mIL-2, mIL-5 and hIL-6 (see Figures 3 and 4). The amounts of 
cytokines secreted by the yeast cells is shown in Table 1. The use of the strong 
and well-regulated GAL1 promoter is often beneficial or even essential when 
expression of the heterologous gene confers counter-selective pressure. 
Worth noting is the observation that the formation of homodimeric IL-5, 
which is crucial for biological activity by oxidation of two conserved cysteine 
residues, occurs faithfully in the yeast secretion system (72). It should also 
be mentioned that the glycosyl groups synthesized by the yeast cells, are 
different from their mammalian counterparts. This may be a limitation when 
in vivo use of the recombinant protein is considered. 

Filamentous fungi have also been used as hosts for expression of cytokines. 
They were selected as promising hosts for their extremely high capacity 
to secrete certain proteins such as cellulases and amylases. The secretion 
of heterologous mammalian cytokines was, however, much lower than the 
secretion of homologous proteins (74). Recent studies (75) have shown 
that it was possible to improve the secretion of the heterologous protein 
drastically by fusing it to such a highly expressed fungal protein (e.g. A. niger 
glucoamylase). 


4.3 Expression in bacterial systems 


From the very early days of cytokine cloning, bacterial expression systems 
have been most helpful in providing tools for the cheap production of abundant 
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Figure 4. PAGE of riLs secreted in Saccharomyces cerevisiae growth medium. S. cere- 
visiae cells were grown in SDC (0.67% yeast nitrogen base, 2% dextrose, 0.2% casamino 
acids) to an ODsoọọ ~4, and induced by transfer to a galactose-containing medium SGC 
(0.67% yeast nitrogen base, 2% galactose, 2% casamino acids) for 15 h. The proteins in 
1 ml medium, from which the cells were removed by centrifugation, were precipitated by 
adding 100 pl deoxycholate (1 mg/ml), 100 pI 100% TCA and incubation for 30 min on 
ice. The protein pellet was dissolved in 40 ul sample buffer (78), neutralized with 4 pl 
1 M Tris base, boiled for 2 min, and loaded on a denaturing 15% polyacrylamide gel (78). 
Lane 1 shows the proteins from a strain transformed with a plasmid containing an 
expression cassette for mIL-2 (the promoter is GAN; arrow: mIL-2 product). Lane 2 is a 
non-transformed strain. Lane 3 is a strain with an expression cassette for hIL-6 (arrow: 
hiL-6 product). 


amounts of mammalian protein (7, 77). For this purpose, the mature cytokine 
gene (i.e. without the signal sequence information) is placed downstream 
after a powerful promoter ribosome-binding region. More than 40% of the 
total protein in the culture may correspond to the protein of interest. A 
complication which often occurs, however, is that this heterologous protein 
is present in the bacterial cell as insoluble inclusion bodies. Procedures must 
then be followed to dissolve these in chaotropic media, followed by renatura- 
tion and extensive purification. One of the exceptions is the bacterial express- 
ion of hTNF from the heat-inducible P promoter, where a production of 44 
mg/ml of soluble, fully active, homotrimeric protein was obtained (ref. 28; 
see Figure 5). 
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Figure 5. Characterization of E. coli rhTNF and mTNF. (A) SDS-PAGE of purified rhTNF 
(lane 2) and rmTNF (lane 3). Lanes 1 and 4 represent marker proteins. (B) Gel filtration 
profile of purified rhTNF using matrix TSK G3000. Chromatography was carried out in 
PBS at a flow rate of 1 ml/min. The elution positions of the mol. wt markers are indicated 
by arrows. The true mol. wt of trimeric rhTNF is 52 kDa, but the ‘apparent’ mol. wt is only 
=35 kDa due to retardation by interaction with the matrix. (Figure reproduced from ref. 
62 with permission.) 


5. Conclusion 


A wide range of elegant cloning techniques have been used for the isolation 
of cytokine genes. Due to improvements in mRNA preparation methods, 
cDNA synthesis technology and transfection procedures, direct expression 
methods become more and more attractive for the cloning of new biological 
activities. In fact, they even allow one to screen for hypothetical functions 
(e.g. natural antagonists or synergists). 

The abundant synthesis of protein in heterologous systems is possible for 
all cytokines. Depending on the purpose for cloning the gene or for in vivo 
or in vitro experiments, and the requirement for secondary modification, one 
can choose from the more faithful, but more expensive, mammalian expression 
systems, yeast or fungal secretion systems or bacterial expression. 
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1. Introduction 


Southern blot analysis of genomic sequences (1) is one of the basic tools of 
molecular genetics. This technique is principally used to determine the physi- 
cal organization of particular DNA sequences for which a probe is available. 
Its power of resolution has recently been extended up into the megabase (10° 
base-pair) level by the technique of pulsed field gel electrophoresis (2). In 
many cases, the organization of large gene families, and the distance between 
particular cytokine genes have been determined using this technique. 

The chromosomal assignment of particular genes can be made by hybrid- 
ization to Southern blots of DNA from panels of somatic cell hybrids that 
contain diverse subgenomic complements of chromosomes from the species 
of interest. Genomic rearrangements close to a gene, due to chromosomal 
rearrangement or viral insertion, as well as amplification or deletion of a 
gene, can be detected by Southern blot analysis. 

A particularly useful application is the detection of restriction fragment 
length polymorphisms (RFLPs), which can be used for tracing the allele of a 
certain disease gene through several generations of a family, or to determine 
the recombination frequency between linked loci to construct genetic linkage 
maps. RFLPs can also be used to detect loss of heterozygosity at certain loci, 
caused by deletion, chromosome loss, or mitotic recombination. Finally, an 
application that has become very important in the modern strategies to 
identify genes by reverse genetics is the detection of gene coding or regulatory 
sequences by the analysis of conserved sequences between different species 
(zoo blots). 


2. Basic technique 
2.1 Preparation of DNA 


DNA can be prepared from animal cells by a number of techniques that 
involve lysing the cells, dissociating the nucleoproteins with the use of deter- 
gents, and precipitating the proteins while the DNA is maintained in solution. 
The most efficient methods use enzymes to digest protein and RNA, and a 
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final deproteinization step using phenol and chloroform is usually included 
(3). The method in Protocol 1 can be used to prepare DNA from a suspension 
of animal cells. The DNA obtained will have a molecular weight in excess of 
100 kilobases (Kb). 





Protocol 1. Isolation of DNA from animal cells 


Equipment and reagents 
e NTE: 100 mM NaCl, 10 mM Tris-HCI, 1 mM e Phenol 


EDTA, pH 8.0 ə Chloroform/isoamyl alcohol (24:1, v/v) 
e Proteinase K e 7.5 M ammonium acetate 
e 0.5 M EDTA e Plastic pipettes 
e 20% SDS 
Method 


1. Suspend the cells in 1 ml of NTE per 20—50 x 10° cells. 


2. Per ml, add 11 wl of 100 pg/ml proteinase K and 55 wl of 0.5 M EDTA. 
Swirl to mix. Add 55 wl of 20% SDS to lyse the cells. Mix gently. 


3. Digest at 50°C for 2 h to overnight. 


4. Add 1 vol. of phenol equilibrated with NTE. Shake gently for 15—60 
min. 

5. Centrifuge at 3000 r.p.m. at room temp. for 15 min. 

6. Transfer top aqueous layer to a new tube, avoiding the precipitate at 


the interface. Optionally, to increase the yield, additional NTE can be 
added and mixed, and the centrifugation repeated. 


7. Add an equal volume of a 24:1 mixture of chloroform/isoamyl alcohol. 
Shake gently for 15—60 min. 


8. Centrifuge as before and transfer aqueous layer to a new tube. ? 


9. Per milliliter, add 0.5 ml of 7.5 M ammonium acetate and 3 ml of 
ethanol. Shake gently until the DNA has precipitated. 


10. Fish out the precipitated DNA with a plastic pipette and transfer to an 
excess of 70% ethanol. Shake 15-60 min, depending on the size of 
the precipitate. 


11. Remove precipitate and partially dry. Do not dry completely or it will 
be very difficult to dissolve. Dissolve in TE at 50°C. This may require 
several hours. 


“lf it has been impossible to avoid the precipitate at the interface, perform an additional 


centrifugation underlaying 25% sucrose in NTE. 


For many purposes, DNA molecules of a molecular weight in the order of 
megabases are needed. In order to obtain DNA of this length it is necessary 
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to avoid shearing during the preparation. This is achieved by immobilizing 
the cells before lysis in a gel matrix, into which the enzymes and other 
chemicals are allowed to diffuse (2, 4, 5) as described in Protocol 2. The 
DNA in solution or in agarose plugs can be stored for years in TE buffer 
(10 mM Tris-HCI, 1 mM EDTA) at 4°C without degradation. This technique 
is also useful when the sample is very limited, since standard methods using 
extraction in solution may give poor recovery if relatively few cells are available. 





Protocol 2. Isolation of DNA in agarose plugs 


Equipment and reagents 
e Plug solution: 0.1 M NaCl, 0.1 M EDTA, 10 e Proteinase K 


mM Tris-HCI, pH 8.0 e 100 mM _ phenylmethylsulfonyl fluoride 
e Low gelling temperature agarose (Caution: TOXIC!) 
e Plug mould e Waterproof adhesive tape 


e N-laurylsarcosine 


Method 

1. Count nucleated cells and pellet. Calculate the number of plugs to be 
made; 1.6 x 10° cells are typically used in each plug. 

2. Resuspend in 25 wl of plug solution (0.1 M NaCl, 0.1 M EDTA, 10 mM 
Tris, pH 8.0 with HCI) per plug. Maintain at 37°C. 

3. Add an equal volume of melted 1% low-gelling-temperature agarose 
in plug solution at 37°C. Mix. Maintain at 37°C. 

4. Pipette 50 pl into each well of plug mould; chill at 4°C for 30 min. ? 

5. For each 10 plugs, prepare a tube containing 3.5 ml of plug solution, 
35 mg N-laurylsarcosine and 3.5 mg proteinase K. Remove the tape 
from the plug mould. Squirt the plugs into the tubes with a rubber bulb. 

6. Digest at 48—50°C (NO MORE!) for two days. 


7. Remove the liquid and transfer the plugs to 10—15 ml of TE/10 plugs. 
Add 0.01 vol. of 100 mM phenylmethylsulfonyl fluoride (CAUTION!: 
toxic) to this first wash. Place the tubes on a rocker at 4°C for 4 h. 


8. Wash the plugs at least six times in TE over a two-day period. The plugs 
are very fragile and difficult to see. They are most easily seen with a 
black background. 


2 Acrylic plug moulds are made with 2 x 5 mm rectangular holes. Waterproof adhesive tape 
should cover the bottom of the holes. 


2.2 Restriction enzyme digestion of DNA 


The digestion of the DNA by restriction enzymes produces fragments of 
specific length from the sequences containing a certain gene. The length of a 
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restriction fragment is a genetic character that can be changed by mutations 
or chromosome rearrangements, but, with some exceptions (RFLPs), it is 
constant for the species. Restriction enzymes cut DNA readily in solution 
when used in the optimal conditions specified by the manufacturers, but for 
some purposes, simultaneous digestion with several enzymes may be per- 
formed in a universal buffer, or a set of a few basic buffers (6). The digestion 
of DNA contained in agarose plugs is slower, because the enzymes need time 
to diffuse from the surface to the centre of the plug. It is necessary to pre- 
soak the plug in the enzyme buffer before adding the enzyme. Inhibitors for 
some restriction enzymes may be present in DNA preparations, especially 
those derived from nucleated cells in blood that are contaminated with 
erythrocytes. The addition of 1—4 mM spermidine to the digestion buffer can 
relieve the inhibition in many cases (7). Note, however, that spermidine may 
cause the DNA to precipitate from low salt buffers. If inhibitors are present, 
digestion at lower DNA concentration may also be useful. 

After digestion, the enzymes can be inactivated by heating at 65°C after 
addition of EDTA. Sometimes, concentration of the digestion products is 
necessary, to reduce the volume before loading the digestion mix in the gel. 
If precipitation with ethanol is used at this step, the presence of spermidine 
may slow down the redissolution of the DNA, which may require several 
hours at 37°C to complete. 


2.3 Gel electrophoresis 
2.3.1 Standard agarose gel electrophoresis 


The separation of the DNA fragments is performed by electrophoresis 
through an agarose gel (typically 0.8-1.0% ) (8). Standard agarose gel electro- 
phoresis, performed at constant voltage, can resolve DNA fragments be- 
tween 70 and 80000 base-pairs, but different agarose concentrations must be 
used to resolve different sizes within this range (8). Also, the higher end of 
this range can be resolved only in very low concentrations of agarose, making 
the gels difficult to handle. Separation by standard electrophoresis can be 
performed in any of a number of cells either home-made or commercially 
available. Horizontal gels are easier to cast and handle and do not require 
refrigeration. Vertical gels prepared between glass plates need some support 
to prevent the gel from sliding down through the bottom of the sandwich. A 
frosted glass plate can be used to prepare the gel sandwich, or a strip of 
porous material (plastic foam sponge) at the bottom of the buffer reservoir 
can be used to hold the gel in place. 

The running buffer is an electrolyte solution providing conductivity and pH 
buffering. The most commonly used electrophoresis buffers are solutions of 
Tris-borate or Tris-acetate, with EDTA to chelate divalent ions (e.g. 40 mM 
Tris-acetate, 1 mM EDTA, pH 8.0). 

Casting of the gels is done either in the cell itself, or in a separate casting 
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device that provides a mould of the right size. Moulds for horizontal gels can 
be made very easily by wrapping a waterproof sticky tape around the edge 
of a rectangular glass or plastic plate of appropriate dimensions. The tape 
protruding under the edge is folded and stuck to the underside of the plate. 
The agarose is melted in the appropriate volume of the running buffer, cooled 
down to 55-60°C (the temperature at which the flask wall can be touched 
without burning the skin), and let stand for a few minutes until all air-bubbles 
disappear. Then it is poured into the mould, with the well-forming comb in 
place and allowed to cool until gelling. 

The wells are made by inserting a comb with prismatic teeth during casting 
of the gel. When the gel has hardened, the comb is removed, and the 
apparatus is filled with buffer. The digestion mix containing the DNA frag- 
ments is made denser than the buffer by adding to it 1/5th vol. of a solution 
of glycerol or Ficoll plus marker anionic dyes [e.g. 0.3% Bromophenol blue, 
0.3% xylene cyanol, and 15% Ficoll (Pharmacia) in water], which serve as 
visual indicators of the migration rate of the DNA in the gel. Typically 6-8 pg 
of DNA is loaded for a 6 mm-width lane. The denser solution can be pipetted 
into the well through the lighter buffer. It is important to start the run as 
soon as possible after loading the samples to avoid diffusion of the DNA out 
of the wells. 

The electrophoresis can be run at 1-2 V/cm. It is best to use a regulated 
power supply capable of maintaining constant amperage. Recirculation of the 
buffer between the cell chambers may be necessary during long runs. The 
resolution of the fragment separation is generally best when gels are run at 
low voltage, overnight. 


2.3.2 Pulsed field gel electrophoresis 

When DNA fragments larger than 20 kb have to be resolved it is better to 
use one of the forms of pulsed-field gel electrophoresis in which the field 
orientation is switched at regular intervals (2, 5, 9-11). There are several 
commercial devices for these procedures, all of them considerably expensive, 
but with some ingenuity it is possible to build the necessary equipment, buy- 
ing an electronic laboratory timer and a high-voltage switching relay. There 
are several different geometric and electronic arrangements of electrodes for 
pulsed field electrophoresis, which we cannot discuss here, but, in our experi- 
ence, the most efficient one is the contour clamped horizontal electrical field 
(CHEF) system (10). For any of the commercial systems, detailed instruc- 
tions come included, and the essentials of the assembly and loading of the 
gels are similar. 

The gels are cast in a mould, as for a regular electrophoresis, with insertion 
of a comb forming wells slightly wider than the size of the DNA agarose 
plugs. The plugs are inserted in the wells before covering the gel with buffer, 
and are sealed in place with molten agarose. The gel is then set on its platform 
inside the buffer, and the field is applied. In this kind of separation, the 
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resolution depends not on the agarose concentration, but on the length of the 
alternating pulses. If a large range of DNA fragment sizes has to be resolved, 
the length of the pulses can be varied either in steps or continuously over the 
length of the run. 


2.3.3 Monitoring the separation 


The quality of the separation can be monitored under UV illumination after 
staining the gel in a solution of ethidium bromide (see Protocol 3). For 
documentation, place the gel on transparent plastic film (Saran wrap) on a 
transilluminator, a box containing a UV source and topped by a UV transparent 
filter which blocks the visible emission from the lamp, and photograph the 
pattern of bands through a red or yellow filter, together with a graduated 
ruler as a length reference. 


2.3.4 Controls and size markers 


Depending on the purpose of the Southern blot, it may be necessary to include 
certain controls and size markers. When looking for possible genomic re- 
arrangements, a germline genomic DNA control is usually included. This may 
be DNA from any somatic tissue that is known not to rearrange the sequences 
of interest during development. For human DNA Southerns, human placental 
DNA is frequently used as a control (Figure 2). When studying the hybridization 
of a probe to a panel of somatic cell hybrids, a control of DNA from the 
parental cell line(s) or species of the hybrids is convenient. 

Appropriate size markers for regular electrophoresis can be obtained by 
digesting phage A or M13 DNA with different restriction enzymes. These 
DNAs will not hybridize to plasmid vector DNAs. One of the most-used 
standards is a HindIII restriction digest for phage A DNA (Figure 2). Multimer 
standards for different fragment size ranges are available from different 
companies. 

For PFGE electrophoretic separations, where the size of the fragments 
resolved is larger, uncut yeast chromosomes (9) and multimers of phage A 
(12) are used. 

The markers can be radioactively end labelled with Klenow fragment of 
Escherichia coli polymerase I and a [°*P]-deoxyribonucleotide triphosphate, 
in which case they will appear as bands in the autoradiogram, or can be used 
cold, in which case they are visualized after ethidium bromide staining of the 
gel. In the last case, a photograph of the stained gel must be taken, with a 
length reference that can be correlated to some feature of the autoradiogram; 
for example, a graduated ruler with the zero mark matched to the level of 
the wells, or the upper edge of the gel. 


2.4 Transfer of DNA to membranes 


The DNA in the gel must be denatured and transferred to a porous membrane 
on to which it attaches irreversibly after dehydration. In order for the DNA 


24 


fragments to move out of the gel in a reasonable time, they must have a 
maximum size of about 2 kb. Larger fragments must be nicked to reduce their 
length. Nicking is obtained either by exposing the ethidium-bromide-stained 
DNA to UV light (13), or by partial acid depurination followed by exposure 
to alkali. Denaturation is achieved by soaking the gel in alkali and then 
neutralizing it with a buffer. The DNA fragments can be moved out of the 
gel and on to the membrane by mechanical means, allowing a saline solution 
to flow through the gel pulled either by capillary forces (1), or by pressure 
gradients, or by electrophoresis. A procedure for DNA transfer, using capil- 


2: Southern blotting of cytokine genes 


lary driven liquid flow, is described in Protocol 3. 


Protocol 3. Southern transfer of DNA 


Equipment and reagents 


NB: Caution: ethidium bromide is mutagenic, wear gloves to handle the 
gel, add hypochlorite to ethidium bromide solutions 30 min before dis- 
carding down the sink. 


e 1 ng/ml ethidium bromide e Whatman grade 540 SFC (or equivalent) 
e UV transilluminator with rulers (preferably filter paper 
fluorescent) e Sponge 
e UV protective clothing (goggles, long e Paper towels 
sleeves, face shield, gloves) e Parafilm or equivalent 
e 0.4 M NaOH + 0.6 M NaCl e Thin plastic or glass plate 
e 0.5 M Tris-HCI, pH 7.4, 1.5 M NaCl e 250-500 g weight 
e Charged nylon membrane e 0.4 M NaOH 
e 10 x SSC buffer: 1.5 M NaCl, 0.15 M Na è 0.2M Tris + 2 x SSC 


citrate, pH 8.0 


Method 


1. 


With gentle shaking at room temp., stain the gel in 1 pg/ml ethidium 
bromide for 45 min 


. Photograph the gel on a UV transilluminator with rulers (preferably 


fluorescent) placed along the sides. 


. Expose the gel to the UV light for several minutes (typically 5—10 min) 


(CAUTION! UV light may damage your skin and eyes: wear UV pro- 
tective clothing). For a given transilluminator, different lanes in a test 
gel should be exposed to UV for various times to determine the 
optimum UV exposure. ? 


. Shake in 0.4 M NaOH, 0.6 M NaCl, for 45 min at room temp. to 


denature the DNA. 


. Shake in 0.5 M Tris-HCI, pH 7.4, 1.5 M NaCl for 30—45 min. 


. Cut a charged nylon membrane to a size a few millimeters greater 


than the dimensions of the gel. Use gloves and flat tipped forceps to 
handle the membrane. Any traces of oil will interfere with transfer. 
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Protocol 3. Continued 


Label the membrane in pencil, and wet in water for a few seconds. 
Equilibrate in 10 x SSC buffer. Also cut three sheets of filter paper 
(Whatman grade 540SFC or equivalent) to the dimensions of the gel, 
and equilibrate in buffer. 


7. Soak a clean sponge in 10 x SSC buffer and place in a tray which is 
filled with buffer almost to the level of the top of the sponge. (A tray 
covered with several sheets of filter paper with wicks extending into 
the buffer can substitute for the sponge.) Then, in order, place over it 
two wetted sheets of filter paper, the agarose gel, the nylon membrane, 
the three sheets of filter paper cut to the dimensions of the gel, and 
stack of dry paper towels several inches thick, as in Figure 1. A non- 
permeable membrane (e.g. Parafilm) should be placed around the gel 
to prevent a ‘short circuit’ of the capillary flow. While assembling the 
stack, it is critical to exclude air-bubbles. 


8. On top of the stack place a thin plastic or glass plate, and on top of 
this a small weight (typically 250—500 g). Allow the transfer to take 
place overnight, and occasionally change the towels if possible. 


9. The next day, disassemble the stack, wash the membrane for 1 min 
in 0.4 M NaOH, neutralize in 0.2 M Tris, 2 X SSC, and dry completely. 


10. The extent of transfer can be assessed by restaining the gel in ethidium 
bromide and examining it under UV light. 


Variation: An alternative to the classical capillary transfer here described, 
is the downward capillary transfer or descending Southern blot (14), in 
which a stack similar to the one described, is assembled in the inverted 
order, with the following exceptions: (a) the sponge is omitted, (b) the tray 
filled with transfer buffer is located at the side of the stack, elevated to 
the level of the gel, and connected to the top of the stack by a wick made 
of filter paper, (c) a glass plate is put at the top of the stack. This method 
avoids crushing the gel, which reduces the efficiency of the transfer in the 
ascending Southern blot, and is considerably faster, taking from 2.5to 4h 
to complete the transfer. 


* Alternatively, to nick the DNA before the transfer, shake the ge! in 1 M HC! at room temp. for 
30 min, neutralize shaking in 1 M Tris—HC!, pH 8.0 for 30 min, and then proceed with step 4. 


The porous membranes used to transfer the DNA are either nitrocellulose, 
or neutral or charged nylon membranes. Nylon membranes are flexible and 
less breakable than the nitrocellulose ones, allowing tor a longer life when 
subject to multiple hybridizations and washes; however, reinforced nitro- 
cellulose membranes are now available. Nylon membranes (especially 
charged ones) generally give a stronger signal, but a higher background than 
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Figure 1. Vertical section of the assembly used for Southern transfer by capillary flow of 
buffer. 


nitrocellulose membranes. After transfer, the membranes are dried in the 
air at room temperature or under an infrared light bulb. To improve the 
irreversible binding of the DNA to the membrane, the nitrocellulose or un- 
charged nylon membranes are further dehydrated in a vacuum oven at 80°C. 
Be sure to Jet the oven cool down before releasing the vacuum, because the 
nitrocellulose may otherwise ignite. The DNA can be cross-linked to nylon 
membranes by exposure to UV light (15). The same transilluminator used for 
observation of the gels or a special box containing a timed UV source can be 
used for this purpose. The DNA cross-linked to the membrane will withstand 
a larger number of hybridization-stripping cycles than DNA attached only by 
adsorption to the membranes; nevertheless, too extensive cross-linking may 
interfere with hybridization. 


2.5 Preparation of radioactive probes 


Probes for hybridization can be prepared from any kind of polynucleotide. 
Short synthetic oligonucleotides can be end-labelled by using T4 poly- 
nucleotide kinase and **P-ATP (16), but most DNA sequences obtained 
by cloning or PCR, are labelled by nick-translation (17) or random oligo- 
nucleotide primed replication with the Klenow fragment of E. coli DNA 
polymerase I (18). The last procedure is preferred since it gives higher specific 
activitics and can be applied to DNA contained in Jow-melting-temperature 
agarose (19). There are several commercial kits available for labelling DNA 
probes by random oligonucleotide primed replication, all based on the 
method of Feinberg and Volgestein (19) described with slight modifications 
in Protocol 4. 
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Protocol 4. Preparation of radioactive DNA probes by oligo- 


labelling 


Equipment and reagents 


Restriction enzyme(s) appropriate to the 
plasmid 

Low-melting-temperature agarose gel 

Tris acetate buffer: 50 mM Tris-acetate, 
1 mM EDTA (pH 8.0) 


e Ethidium bromide (see Protocol 3) 
ə 5 x oligo-labelling buffer (OLB): 250 mM 


Tris-HCl, pH 8.0, 25 mM MgClo, 0.05 mM B- 
mercaptoethanol, 0.1 mM dATP, dTTP, and 
dGTP, 1 M Hepes (adjusted to pH 6.6 with 
NaOH), 27 OD units per ml of random hexa- 
deoxyribonucleotides 


Bovine serum albumin (10 mg/ml) 

DNA probe 

(32P]dCTP (3000 Ci/mmol, 10 pCi/pl) 
Klenow fragment of E. coli DNA poly- 
merase | 

Stop solution: 20 mM NaCl, 20 mM Tris— 
HCI (pH 7.5), 2 mM EDTA, 0.25% SDS, 1 uM 
dCTP 

Sephadex G-50 column (see Chapter 3) 


Method 


12 


de 


Cut the plasmid with the appropriate restriction enzyme to separate the 
insert from the vector sequences. Separate the fragments by electro- 
phoresis through a low-melting-temperature agarose gel using Tris- 
acetate buffer. Stain the gel in 0.2 pg/ml ethidium bromide in water for 
30 min, and visualize the fragments under UV illumination. 

Cut out the region of the gel containing the insert band, put it in a 
microcentrifuge tube, and weigh it. Add 3 vol. of water, put the tube at 
100°C for 7 min, and store it at —20°C. 

When ready for labelling, reboil the gel for 3 min, and maintain it at 37°C 
for at least 10 min, then add in the following order to an empty tube: 
(a) 10 wl of 5 x oligo-labelling buffer (OLB) *; 

(b) 2 wl of bovine serum albumin (10 mg/ml); 

(c) Up to 32 wl of agarose containing 20—50 ng of DNA”; 

(d) 5 wl of [°7P]dCTP (3000 Ci/mmol, 10 wCi/pl); 

(e) 2 units of Klenow fragment of E. coli DNA polymerase |; 

(f) Water to 50 pl. 

Incubate at room temp. for at least 5 h.° 

Terminate the reaction by adding 200 wl of stop solution. 

Use the labelled probe without further purification, or separate it from 
the unlabelled nucleotides using a Sephadex G-50 column (for details 
of how to make this column, see Chapter 3). 


a Store at —20°C. Reaction buffers from the commercial kits can be substituted. 

>The length of the probe will vary with the template/primers ratio. If this ratio is very small, 
the probe fragments will be too short, and will not form stable hybrids with their target after 
normal stringency hybridization conditions. If the ratio is too large, the probe fragments will 
be too large, and will give high background-labelling after hybridization. 

“Some commercial kits provide faster protocols. 
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For special purposes, one can prepare labelled single-stranded RNA probes 
using in vitro transcription with bacteriophage SP6, T4, or T7 DNA polymer- 
ases, from DNA templates cloned in plasmid vectors that contain the appropri- 
ate promoters (20). 

Chemiluminescence-based detection methods are now as efficient as 
radioactivity-based methods (21, 22). Commercial kits are available for this 
purpose, avoiding the inconveniences of using radioactivity, and providing 
probes with a long shelf life. Detection is made with the same autoradiographic 
film used to detect radioactivity. 


2.6 Membrane hybridization 


Pre-treatment and hybridization can be performed in a sealed plastic bag 
immersed in a shaking water-bath, or in a cylindrical rotating container (23). 
Both devices allow for minimum volumes of hybridization buffer, and maxi- 
mum concentrations of the probe. The effective concentration of the probe 
may be increased by including 5-10% dextran sulphate in the hybridization 
buffer. Pre-treatment of the membranes is necessary to block sites that could 
bind the probe unspecifically. SDS, sonicated DNA, and sometimes several 
other polymers are included in the pre-hybridization mix for this purpose. 
When a more complete blocking is necessary, the use of dried non-fat milk 
may be useful (24). 

Hybridization is performed at relatively high ionic strength in a buffered 
saline solution containing a chelating agent for divalent ions. Hybridization 
is performed overnight, and then ti membrane is washed in a saline solution 
at higher temperature. The degree of similarity between the sequences that 
remain hybridized (stringency) depends on the ionic strength and tempera- 
ture of the washings. The lower the ionic strength and the higher the tempera- 
ture, the higher is the stringency of the hybridization. 

After washing the membrane, keep it damp, wrapped in a thin non-perme- 
able plastic membrane (such as Saran Wrap), and laid down on X-ray film 
inside a light-proof cassette at —70°C. Fluorographic intensifying screens can 
be used. A film adequate for autoradiography of R emissions is Kodak X- 
Omat AR radiographic film. 


Protocol 5. Hybridization of Southern blots to radioactive probes 


Equipment and reagents 


e Sealable plastic bags (e.g. Seal-a-Meal) e Radioactive probe 
e Pre-hybridization solution (for 20 ml): 10ml e 1x SSC, 1% SDS 
deionized formamide, 4 ml 50% dextran « Plastic film (e.g. Saran wrap) 


sulphate, 4 ml 5 M NaCl, 1 ml 20% SDS, « Buffer A: 2 mM Tris-base, pH 7.9, 1 mM 
2 mg sonicated single-stranded DNA (e.g. EDTA, 0.1% SDS 
salmon sperm), water to 20 ml 
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Protocol 5. Continued 


Method 


1. 


Place the blot in a sealable plastic bag (e.g. Seal-a-Meal) and seal all 
edges, except for leaving a spout at one corner for adding reagents. 


2. Prepare the pre-hybridization solution (~0.1—0.2 ml/cm?’). 


. Add the solution to the bag, remove air-bubbles, seal, and incubate at 


42°C for 1—2 h. 


. Boil the radioactive probe (~10° d.p.m./ml of mix) for 5 min; chill. Open 


the bag (if hybridization mix different from pre-hybridization mix, sub- 
stitute) add the probe; mix well; remove air-bubbles; and reseal the 
spout. 


. Incubate overnight in a water bath at 42°C, preferably with shaking. 


. Remove the hybridization mix. Carefully open the bag, and wash the 


blot with an excess of 1 x SSC, 1% SDS at room temperature for 30 
min. Wash the blot twice (30 min each time) at 65°C with the same 
solution. 


. Blot excess liquid, but leave moist. Sandwich between layers of plastic 


film (e.g. Saran wrap), and expose to radiographic film at —70°C. 


. The blot can be stripped of probe in preparation for rehybridization by 


incubating at 75°C with buffer A. 


Variations: Formamide can be omitted if hybridization is performed at 
65°C. Some probes, for example, those with an unusually high C + G 
content, may require a wash at higher stringency (e.g. 0.1 x SSC, 1% SDS 
at 65°C or a slightly higher temperature). In particularly difficult cases, it 
may help to increase the temperature of hybridization. Recently, several 
companies have offered hybridization accelerators which can be used as 
an alternative to dextran sulphate and which purportedly reduce the time 
required for hybridization. 


3. Common artefacts and interpretation 


Several common problems may result in confusion in interpreting Southern 
blots. 


3.1 Contamination with plasmid DNA 


Since radioactive probes are frequently prepared from plasmids, hybridiza- 
tion to contaminating plasmid DNA may be an important source of error. 
Most commonly used plasmid vectors share DNA sequences and will cross- 
hybridize to one another. Traces of DNA from plasmids commonly handled 
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in the laboratory frequently contaminate the tips or stems of automatic 
pipettors, and can then easily make their way into solutions. The signal 
generated from traces of a linearized or circular plasmid contaminant may be 
similar in size and intensity to the ones generated by DNA sequences of a 
unique gene in a complex genome. The use of excised inserts as probes does 
not solve the problem, because it is difficult to clean the insert completely 
from vector DNA sequences. Sometimes, the only way to tell if a suspect 
autoradiographic band is generated by a contaminating plasmid is to hybrid- 
ize the blot to a plasmid-vector-only probe. The best way to prevent this 
problem is to maintain separate sets of pipettors and solutions for the prep- 
aration and handling of plasmid and of genomic DNA to be used in the 
Southern blot, and avoiding reusable glassware. 


3.2 Partial digests 


Additional bands in an autoradiogram may also be generated by partial 
digestion products. In some cases the new band has a length that is the sum 
of the lengths of two smaller bands. These bands are of a higher molecular 
weight than the complete digestion bands. Frequently, but not always, the 
bands due to partial digestion are of a lower intensity than the complete 
digestion products. Sometimes the only way to determine if a new band in 
an autoradiogram is the product of partial digestion, is to repeat the Southern 
blot, improving the digestion conditions. 


3.3 Degraded DNA: incomplete transfer 


In addition to new bands, there may be artefactual loss of bands in a Southern 
blot. One source of band loss is a low molecular weight of the initial DNA 
preparation. A restriction fragment that exceeds the average size of starting 
collection of DNA fragments will be represented by a smear of fragments of 
different sizes that will be either too weak to be seen, or will show like a wide 
fuzzy band at the top of the autoradiogram. Large DNA fragments may also 
be transferred incompletely or not at all to the membrane, if not nicked 
properly. 

Incomplete transfer of DNA may also be due to air-bubbles interposed 
between the gel and the membrane during the transfer, or to non-permeable 
spots on the membrane resulting from manufacturing defects, or from films 
of grease deposited on the membrane by ungloved hands or other sources. 


3.4 Background sources: repetitive sequences 


A frequent problem in Southern blots is heavy background or spurious spots 
in the autoradiograms. One source of background may be incomplete 
washing of the unspecifically bound probe. Generalized background all over 
the membrane may be due to a high molecular weight of the probe. This can 
be dealt with by preparing a lower molecular weight probe (decreasing the 
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proportion of template to primers), more completely blocking of the mem- 
brane during pre-hybridization (24), and increasing the SDS concentration 
during the washings (up to 4% ). Background restricted to the DNA-containing 
lanes may be due to high G-C base composition of the probe. This can be 
dealt with by increasing the temperature of the hybridization and the stringency 
of the washings. Lane-restricted background may also be due to DNA 
degradation, and will show as a smear that extends down from specific bands 
in the autoradiogram. Lane-restricted background may be due to repetitive 
sequences represented in the probe. This problem can be solved by pre- 
annealing the probe and the membrane with sonicated total genomic DNA. 

When dealing with gene families, depending on the stringency of the 
hybridization, one can see a number of different bands in the autoradiograms 
(Figure 2). This may be used to advantage when the organization of the whole 
gene family is to be studied. At maximum stringency, the gene of origin of 
the probe will give the strongest signal. 
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Figure 2. Autoradiograph of a Southern blot of human genomic DNA from the leukaemia 
cells from four patients with acute lymphoblastic leukaemia cut with the restriction 
enzyme Hindlll. The resulting fragments were separated by standard electrophoresis in a 
0.8% agarose gel slab, transferred to a charged nylon membrane, and hybridized to a 
°?P-labelled probe for the interferon alpha gene family, under low stringency conditions. 
DNA from human placenta has been run as a control: lane C. DNA from phage lambda 
cut with Hindlill and end-labelled with °7P has been run in the first lane as a size marker. 
The size of the marker fragments is given on the left margin in kb. The interferon genes 
contained in some of the DNA fragments are indicated on the right margin. Diffuse weak 
background in the human DNA lanes is due to the unspecific hybridization of GC-rich 
sequences in the probe. 
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3.5 Quantitation 


Sometimes, the dosage of a gene is of interest, and some kind of quantitation 
is required. Densitometry of the autoradiograms can provide such quantita- 
tion, provided adequate controls are included. Densitometric quantitation of 
gene dosage is more accurately done on dot or slots blots, where the DNA 
is loaded directly on to the membrane, and therefore, the variables intro- 
duced by the electrophoresis and transfer of the DNA are eliminated. Con- 
trols with varying amounts of placental DNA can be included on the same 
blot. A probe for a gene whose dose is known not to be altered, should be 
hybridized to the same blot as a standard against which one can measure 
variations in the dose of the gene under investigation. It is convenient to 
make several autoradiograms from the same blot with different times of 
exposure to select one that is within the range of response of the emulsion. 
Direct or indirect imaging of the hybridized Southern blot membrane, can be 
obtained with special devices, beta-imagers, or phosphor-imagers, that have 
linear responses over a larger scale than the autoradiographic film. These 
devices require a considerable initial investment, but provide more accurate, 
faster and convenient measurements of the radioactive signal. Phosphor- 
imagers can also read chemoluminescent signals. 
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Northern analysis, ribonuclease 
protection, and in situ analysis of 
cytokine messenger RNA 


M. STUART NAYLOR, MICHELE RELF, and 
FRANCES R. BALKWILL 


1. Introduction 


Northern analysis of RNA allows the quantitation of specific mRNA sequences 
and the determination of their size. The RNA sample is separated according 
to size by electrophoresis through a denaturing agarose gel followed by capil- 
lary transfer to a membrane to which the RNA is subsequently covalently 
linked. The messenger RNA (mRNA) of interest is located by probing the 
membrane with a labelled complementary nucleotide sequence which, in the 
case of a radioisotopic label, is revealed by autoradiography. 

Ribonuclease protection also allows the quantitation of specific RNA 
sequences. Ít has the advantage of being more sensitive than Northern analysis 
and many of the problems of non-specific binding are eliminated. However, 
the technique does not allow sizing of the transcript. It is possible to dis- 
tinguish several splice variants by careful selection of the RNA probe. The 
expression of several different messages may be determined simultaneously 
providing the probes used are of different sizes and give a characteristic band 
pattern on a sequencing gel. 

In situ hybridization (JSH) to cellular messenger RNA allows the analysis 
of gene expression in single cells. The availability of good immunohisto- 
chemistry techniques for cytokine detection is limited. This is in part due 
to the nature of these molecules; they are secreted extracellularly, rapidly 
diffuse from site of secretion and generally have a short biological half-life. 
Existence of membrane bound forms and ubiquitously expressed receptors 
serve to confuse the identification of a secreting cell from a target cell from 
an ‘innocent bystander’ by antibody detection methods. Therefore ISH is a 
useful technique for identifying cells expressing cytokine genes, though ex- 
pression should obviously not been taken as an indicator of translation/ 
secretion of the biologically active protein. 
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The reverse transcriptase PCR reaction is another powerful tool for analysing 
cytokine mRNA. Assay methods are described in Chapters 4 and 5. 


2. General precautions for handling RNA 


e Wear gloves and change them frequently throughout. 

e Wash all glassware, spatulas, forceps, etc., rinse in alcohol and then bake. 

e Alternatively fill glassware with 0.1% diethyl-pyrocarbonate (DEPC) in 
distilled water and allow to stand for 2 h at 37°C. 


e Treat all buffers (with the exception of Tris-based buffers where the DEPC 
reacts with amines in Tris) with DEPC as follows; add DEPC to 0.1% v/v, 
incubate at 37°C for at least 12 h, then autoclave. Prepare Tris buffers and 
alcohols in DEPC treated distilled water. 


e Wash gel tanks, combs, etc. in soap and water, followed by an ethanol 
rinse. Treat with 3% hydrogen peroxide for 10 min at room temperature, 
rinse with DEPC treated distilled water. Beware of damage to gel trays by 
these treatments. 


3. Northern analysis 


Protocol 1. A rapid method for isolation of total RNA (approx. 4 h) 


This is based on a modification of Chirgwin’s protocol developed by 
Chomcezynski and Sacchi (1). Steps 7—10 are a further modification by 
Puissant and Houdebine (2). 


Equipment and reagents 


e Denaturing solution (Solution D): 4 M e lsopropanol 
guanidinium thiocyanate (Fluka), 25 mM © 0.5% sodium dodecyl sulphate (SDS) 
sodium citrate pH 7, 0.5% sarcosyl,0.1M  . 10 mM Tris pH 7.5, 1 mM EDTA, 0.5% SDS 
2-mercaptoethanol. Prepared as follows: 4M LiCl pe "i 
250 g guanidinium thiocyanate dissolvedin ° ; 
bottle supplied with; 293 ml water, 17.6 mI ® Sorvall or Beckman standard centrifuge 
0.75 M sodium citrate, pH 7, and 26.4 ml e Tissue homogenizer (Polytron, Ultraturrax) 
10% sarcosyl at 65°C. Store up to 3 months e Microcentrifuge 
at room temperature. Add 0.36 ml 2-ME/50 ž , Spectrophotometer 
ml of stock. Dace 
e Phenol (nucleic acid grade, Gibco/BRL) É : 
i e 1.5 ml capped microcentrifuge tubes 
e 2 M sodium acetate, pH 4 (Eppendorf) 
e Chloroform/isoamyl alcohol (49:1) e 4 ml or 15 ml polypropylene tubes (Falcon, 
e 75% ethanol Sarstedt) 
e Chloroform 
Method 


For 100 mg tissue (scale up accordingly. Published method tested in range 
of 3 mg tissue or 10° cells up to 30 g). For cultured cell-lines use 100 pl 
solution D/10® cells. 
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. Mince tissue on ice. 
. Homogenize in 1 ml of solution D at room temperature, transfer to 


4 ml polypropylene tube. 


. Add in order: 


(a) 0.1 mi 2 M sodium acetate, pH 4 

(b) 1.0 mi phenol (water saturated) 

(c) 0.2 ml chloroform/isoamyl alcohol (49:1) 

Mix after each addition. Shake 10 sec, cool on ice 15 min. 


. Centrifuge 10000 g, 20 min, 4°C 
. Transfer aqueous phase (clear of interface) to fresh tube and mix with 


1 ml of isopropanol. Put to ~20°C or dry ice for 1 h to precipitate RNA. 


. Centrifuge 10000 g, 20 min, 4°C. 
. Resuspend in 0.2 ml of 4 M LiCl, microcentrifuge to pellet insoluble 


RNA. 


. Dissolve pellet in 0.2 ml 10 mM Tris pH 7.5, 1 mM EDTA, 0.5% SDS. 
. Add 0.2 ml chloroform, vortex and microcentrifuge 10 min. 
. Collect upper phase and precipitate with 0.2 ml isopropanol in 0.2 M 


sodium acetate, pH 5.0. 

Vacuum or carefully air dry and dissolve in 50 ul 0.5% SDS at 65°C. 

Determine the RNA quantity and purity as follows: For RNA an optical 

density of 1.0 is 40 pg/pl. 

(a) Take 4 wl of the sample, add to 995 wl of distilled water 

(b) Transfer the diluted sample to a quartz microcuvette, read optical 
density (OD) at 260 nm. 

(c) Concentration of the sample will be 10 x OD reading in ywg/pl 
e.g. if OD reading = 0.15 at 260 nm 
RNA conc. of sample = 1.5 pg/pl. 


To assess the purity of the sample read the OD at 280 nm, calculate 
the ratio Of OD sg9nm:OD2g0nm.- If the ratio is 2.0 the sample is extremely 
pure, if the ratio is below 1.6 it is likely that the sample is contamin- 
ated by protein and should therefore be re-extracted with phenol/ 
chloroform and ethanol precipitated. 


Purification of mRNA from whole RNA can be simply and rapidly per- 


formed using the numerous commercial kits now available. Most of these kits 
are based on the use of oligo(dT) to pull out polyadenylated RNA. The 
Promega product ‘Poly-ATtract’ is a rapid isolation method based on 
oligo(dT)-conjugated magnetic beads. 

Using poly-A mRNA rather than total RNA offers more sensitivity in 
Northern analysis. 2 wg of poly-A + RNA is typically run per track. One 
disadvantage of purifying on the basis of the poly-A tail is that it is often the 
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first target for degradation and may be lost in impure preparations or extrac- 
tions from whole resected tissues. 


3.1 Electrophoresis of RNA for Northern blot 


It is important to include positive controls of RNA extracted from cell lines 
that are known to express high levels of mRNA for the cytokine of interest. 

For IL-la, B, and TNF a, we use RNA extracted from HL60 cells stimu- 
lated with 50 ng/ml PMA; for IL-6 we use RNA from human foreskin 
fibroblast cells; for IFN, and IL-2 we use RNA from Jurkat cells stimulated 
with 1 pg/ml PHA and 50 ng/ml PMA for 8 h. 

Membranesshould be probed with beta actin or glyceraldehyde phosphate de- 
hydrogenase (GAPDH) as a control for loading consistency and RNA integrity. 


Protocol 2. Electrophoresis of RNA for Northern blot 


Equipment and reagents 

NB: Caution: ethidium bromide is mutagenic, wear gloves to handle the 
gel, add hypochlorite to ethidium bromide solutions 30 min before dis- 
carding down the sink. 


e Agarose e Northern load buffer: 

e 10 x MOPS buffer (pH 5.5-7.0): 0.2 M deionized formamide 0.72 mi 
MOPS (3-N-morpholinopropanesu!phonic 10 x MOPS buffer 0.16 ml 
acid), 0.05 M sodium acetate, 0.01 M EDTA 37% formaldehyde 0.26 ml 
pH8 distilled water 0.18 ml 

80% glycerol 0.1 ml 


e 37% formaldehyde 

e 10 mg/m! ethidium bromide 

e Deionized formamide 

e 80% glycerol 

e Bromophenol blue (saturated solution) 


Bromophenol blue (sat. solution) 0.08 mi 
Horizontal gel electrophoresis apparatus 
Power supply 

Fume hood 

UV transilluminator and camera 


Method 

1. Prepare a 1% gel (if target mRNA is less than 2 kb use a higher 
percentage of agarose e.g. 1.4%) as follows: 

(a) 3 g agarose 
(b) 30 ml 10 x MOPS 
(c) 225 ml DW : 

2. Microwave to dissolve agarose then cool to 50°C. 

. Add 50 ml of 37% formaldehyde in a fume hood then mix. 

4. Add 15 wl of 10 mg/ml ethidium bromide (this can be omitted if it is 
thought to interfere with transfer), mix and pour on to a levelled gel 
tray with an appropriate comb fitted. 

5. Allow the gel to set in a fume hood. 

6. Remove the comb and any tape if used. Place the gel in an electro- 
phoresis tank then cover with 1 x MOPS buffer. 
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7. Take 15 pg samples of total RNA, dry down (if volume > 5 yl), and resus- 
pend in 15 wl of load buffer. Alternatively use 2—5 ug of poly-A + RNA. 


8. Run the gel at 90 V for approximately 4—5 h or until dye front reaches 
the end of the gel. If practical, cool the gel bed with running water and 
recirculate the buffer. 


9. Photograph the gel on a UV transilluminator. 





Protocol 3. Northern blotting (see Figure 1) 


Equipment and reagents 


e 20 x SSC: 3M NaCl, 0.3 M Naz citrate.2H20, Paper towels 
800 ml distilled water, pH to 7.0, adjust to 1 Nylon membrane e.g. Bio-Rad Zeta-probe 


8 
i ® 
litre e UV cross-linker 
e Whatman 3 MM filter paper e Saran wrap 

Ld 


e Glass plate Parafilm or similar 
e Reservoir tray 


Method 

1. Place a glass plate across a large tray filled with 20 x SSC. 

2. Overlay the plate with a wick prepared from Whatman 3 MM, soaked 
in 20 x SSC, cut slightly wider than gel and long enough to drape into 
reservoir of 20 x SSC in tray. 

3. Smooth out any bubbles in the 3 MM wick. 

4. Place the gel on top of the wick and surround with Parafilm or suitable 
impermeable membrane to prevent a short circuit. 

5. Place the nylon membrane or equivalent (cut to size) on to gel again 
avoiding bubbles (check manufacturer’s instructions for pre-wetting 
requirements). 

6. Cover the gel with two pieces of pre-wetted 3 MM. 

7. Place a stack of paper towels on top (to form a layer approximately 
10 cm or more thick) then cover with a glass plate and place a small 
weight on top (e.g. a filled 400 ml bottle). 

8. Leave overnight or for approximately 12 h to transfer. 

9. Remove and discard paper towels, 3 MM etc. Orientate the membrane 
on the gel by making pin marks in the centre of each slot and by 
cutting off the top right-hand corner of the membrane. 

10. Remove the membrane from the gel and wrap in Saran wrap, UV 
cross-link or bake membrane to fix transferred RNA onto the membrane 
(check membrane manufacturer’s instructions as to cross-linking pro- 
cedures). Do not let the membrane dry out. 
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Figure 1. Apparatus for Northern blotting. 


3.2 Probe labelling 


The protocol used is based on the random priming technique developed by 
Feinberg and Vogelstein (3, 4) and is outlined in Chapter 2 of this volume. 
Unincorporated radioactive precursors can be removed on a Sephadex G-50 
column. Columns are widely available commercially (e.g. Clontech make a 
range of columns with different exclusion sizes). 


Protocol 4. Spun column (see Figure 2) 


Equipment and reagents 


e 1 ml disposable syringes e TE buffer 
e Sterile siliconized glass wool e 15 ml disposable tube 
e Sephadex G-50 (fine) e 1.5 ml capped microcentrifuge tubes 


Method 


1. Plug the bottom of a 1 ml disposable syringe barrel with a small 
amount of sterile siliconized glass wool. 


2. Fill barrel with Sephadex G-50 (fine) equilibrated in TE buffer. 


. Insert prepared column into a 15 ml disposable tube and spin at 1600 g 
for 4 min. 


. Top up the column with Sephadex G-50 and re-spin until the packed 
volume is approximately 1 ml. 


. Add 0.1 ml of TE buffer and respin as before; 1600 g for 4 min. 


. Place the column into a fresh 15 ml tube containing a decapped 1.5 ml 
microcentrifuge tube. Load the sample obtained from the random 
priming reaction in a total volume of 100 wl and spin at 1600 g for 4 min. 


. Carefully recover the eluted sample in the microcentrifuge tube with 
forceps and transfer to a new capped tube. 


. Store at —20°C until required. 
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Figure 2. Diagram of a spun column. 


Protocol 5. Hybridization 


Equipment and reagents 


Autoradiography film e.g. XAR 5 
Hybridization oven/bottle system such as 


e 1M sodium phosphate buffer pH 7.2: stock 
134 g Na,HPO,.7H20, 4 ml of 85% H3PO4, 


water to 1 litre or use a suitable ratio of the Techne hybridizer 

molar monosodium and disodium phos- ,. Bag sealer 

phates 

0.1 M EDTA pH 8 may 
ie . P i e X-ray film developer 
e Bovine serum albumin 

Sodi re e Incubator/waterbath 
e Sodium do ecyl sulphate e TE buffer 
e Formamide 

ie e Saran wrap 

e Distilled water 


The following protocol was devised by Church and Gilbert (5) for filter 
hybridization studies requiring high sensitivity and reprobing. 


Method 
1. Prepare the hybridization buffer as follows: 
e 1 M sodium phosphate buffer pH 7.2 10 ml 0.2 M 
(see 3.1.7.1) 
e 0.1 M EDTA pH 8 0.5 ml 1mM 
e Bovine serum albumin 0.5g 1% 
e Sodium dodecyl sulphate 3509 7% 
e Formamide 22.75 ml 45% 
e Distilled water 17 ml 34% 
Total volume 50 ml 
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Protocol 5. Continued 


2. Place the UV cross-linked filter in a suitable bag then add 15 ml of the 
above hybridization mix, expel any bubbles, seal and place at 42°C with 
gentle rocking to pre-hybridize. Alternatively use the roller bottle sys- 
tem. Pre-hybridization should take place for a minimum of 15 min. 


3. Replace with 15 ml of fresh hybridization mix with probe added to a con- 
centration of approximately 10°cpm/ml. (Heat probe for 5 min at 100°C to 
denature, quench on ice then add to hybridization mix prior to addition to 
the bag.) Place the bag at 42°C, hybridize overnight with gentle rocking. 


4. Remove the filter from the bag. Wash filter three times for 30 min each 
time at 65°C with agitation in the following wash buffer: 


e 1 M sodium phosphate pH 7.2 40 ml 40 mM 
e 0.1 M EDTA pH 8 10 ml 1 mM 
e Sodium dodecyl sulphate 10 g 1% 

e Distilled water 950 ml 

e Drain and wrap in Saran wrap. 


5. Store filter moist at 4°C. 


6. Expose filter overnight to X-ray film at —70°C in a suitable cassette with 
intensifying screens. Adjust the exposure time if required. 


7. Prior to reprobing strip the filter in boiling TE buffer for 5 min. 


4. Ribonuclease protection 


A *P-labelled anti-sense RNA probe is hybridized to target mRNA in the 
sample, forming double-stranded RNA, which is resistant to digestion by 
single-strand specific ribonucleases such as RNase A. After purification, the 
protected fragments are sized on a sequencing gel and can be quantitated by 
autoradiography and image-analysis or phospho-imaging. A ° P-labelled anti- 
sense GAPDH probe added to each sample makes a good loading control. 
It is essential that this is a different length to the test riboprobe. 

This ribonuclease protection method is based on that described in ref. (6). 
The authors also recommend the use of commercially available kits for this 
method, e.g. the RPAII ribonuclease protection assay kit (Ambion, AMS 
Biotechnology UK Ltd). 


4.1 Controls 
e Probes alone. This confirms the integrity of the RNA probes. 


e tRNA instead of sample RNA. This is a good negative control. None of 
the probe should be protected and any bands in this lane indicate incomplete 
nuclease digestion. 
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e Preferably positive and negative cell line controls. It is useful to know 
exactly what size protected fragment to expect and to show that there is no 
cross-reactivity of the probe with total RNA. 


4.2 Preparation of template DNA 


The template DNA must be cloned into a suitable vector, such as Bluescript, 
which has the bacteriophage promoters T3 and T7 flanking the multiple 
cloning site. 

The plasmid should then be linearized immediately downstream of the 
inserted template DNA, thus allowing the generation of a known size of anti- 
sense RNA transcript. (N.B. Ensure the transcript is anti-sense NOT sense.) 
The plasmid is often linearized within the insert to yield small probes (200- 
500 b.p.) for optimal use and to avoid the plasmid sequence. Inserts are often 
too long for preparation of a transcript suitable for protection. Purify this 
linearized template DNA on low melting point agarose, and dilute to 0.5 mg/ 
ml for preparation of probe RNA. 


Protocol 6. Preparation of probe 


Equipment and reagents 


NB. All reagents used should be RNase-free and made up with DEPC- 
treated water in baked glassware as appropriate. 


e T7, T3, or SP6 RNA polymerases 

e 5 x transcription buffer: 
For T3/T7 RNA polymerases: 200 mM Tris— 
HCI, pH 8.0, 40 mM MgClo, 10 mM spermi- 
dine, 250 mM NaCl 
For SP6: 200 mM Tris—HCl, pH 7.5, 30 mM 
MgClz, 10 mM spermidine 

e 200 mM dithiothreitol (DTT) 

e 3 NTP mix (use 4 mM each of ATP, UTP, and 
GTP) 

e [a-32P]CTP (Amersham cat. No. PB10162, 10 
mCi/ml)? 

e Water 


Method 


e RNase inhibitor 

e Template DNA 

e Bacteria phage polymerase 

e RNase-free DNase | 

e Sephadex G-50 column (e.g. Boehringer- 
Mannheim) 

Eppendorf microcentrifuge tubes 

5 x hybridization buffer: 200 mM Pipes, 
pH 6.4, 2 M NaCl, 5 mM EDTA (for working 
solution dilute 1/5 with deionized form- 
amide; may be stored in aliquots at —20°C 
for one month) 


1. Mix together the following reagents: 


e 4 ul 5 x transcription buffer 
è 1 wl 200 mM DTT 

è 2 wl 3NTP mix 

5 ul (32P) CTP 

5 wl water 

1 wl RNase inhibitor 

1 wl 0.5 mg/ml template DNA 


1 wl of the relevant bacteriophage polymerase (5 U) 
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Protocol 6. Continued 


N.B. spermidine may cause precipitation of DNA, therefore the DNA 
should not be added until last. 


. Incubate for 15 min at 37°C. 


. Add 2 wl RNase-free DNase’ (10 u) and incubate for a further 15 min 
at 37°C. 


. Remove unincorporated radioactivity by passing the reaction mixture 
through a G-50 spin column according to the manufacturer’s instruc- 
tions. (Typically: Allow spin column to drain, spin for 2.5 min at 2500 g. 
Transfer column to fresh Eppendorf microcentrifuge tube, load sample 
and spin at 2500 g for 4 min. The eluted probe ts collected in the 
Eppendorf tube.) 


. Dilute probe with 500 pl of hybridization buffer and count 1 pl in a 
scintillation counter (Cerenkov). 


? Cold CTP is sometimes added to ensure the full-length transcript is made. 


Protocol 7. Hybridization 


Equipment and reagents 


e Sample RNAs e GAPDH probe 

e DEPC-treated water e 0.5 mg/ml template for GAPDH or actin 
e Hybridization buffer (see Protocol 6) control 

e Probe RNA 


Method 


1. To 10 ng of sample RNA in 10 pl DEPC water, add 40 pl hybridization 
buffer containing 1-5 x 10° c.p.m. of probe RNA (and 1 x 10°c.p.m. of 
GAPDH probe as a loading control). (N.B. make sure probes are differ- 
ent sizes.) 

. Incubate for 5 min at 85°C to denature the RNA. Spin down any con- 
densation. 


. Transfer to 45°C for hybridization overnight. 


Protocol 8. Digestion of non-hybridized RNA with ribonuclease 





Equipment and reagents 


e Ribonuclease digestion buffer: 10 mM e Proteinase K 
Tris-HCl, pH 7.5, 300 mM NaCl, 5 mM ¢ 20% SDS 
EDTA; to 10 ml of buffer add 20 ml ribo- « RNase T1 and A 
nuclease T1 (500000 U) and 20 mg/ml of 
ribonuclease A 
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Method 


1. Add 350 ul of ribonuclease digestion buffer (containing 1/500 each of 
20 ng/ml RNase A and 500000 U/ml of RNase T1) to each tube. 


. Allow to stand at room temperature for 30 min. This digests any single- 
stranded RNA including unbound probe. 


. Inactivate the RNases by digestion with 2.5 pl of 20 pg/ml proteinase K 
in the presence of 10 pl 20% SDS. 








Protocol 9. ‘Cleaning up’ the protected fragment 


Equipment and reagents 


e Tris-saturated phenol, pH 7.5-8 e Ethanol: 100%, 70% 
e Microcentrifuge and tubes 


Method 
1. Extract once with 400 pl equilibrated phenol. 


2. Spin 5 min in microcentrifuge and transfer 300 wl of the aqueous phase 
into a fresh tube. 


3. Precipitate the RNA by adding 700 pl 100% ethanol and standing at 
—70°C for 30 min. 


4. Pellet the RNA by centrifugation in a microcentrifuge for 10 min. 


5. Wash the pellet thoroughly with 70% ethanol to remove the salt. (This 
is helped by warming to 37°C for 2—3 min.) 


6. Centrifuge for 10 min in microcentrifuge to pellet the RNA and air dry 
the pellet. (The pellet is quite mobile at this stage.) 


4.3 Analysis on sequencing gel 


Protocol 10. Analysis 





Equipment and reagents 


e Gel loading buffer: 80% (v/v) deionized for- e Polyacrylamide/urea sequencing gel 


mamide, 1 mM EDTA, 0.1% Bromophenol! (Sequege!l concentrate and diluent are 
blue, 0.1% xylene cyano! convenient to use—National Diagnostics 
e TBE buffer EC830 and EC840) 
e 10% APS e TEMED 
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Protocol 10. Continued 


Method 

1. Prepare 6% polyacrylamide/urea sequencing gel as follows: 
for 150 ml gel: 
e 15 ml Sequegel concentrate 


99 ml Sequegel diluent 

15 ml 10 x TBE 

21 ml water 

polymerize with 100 wl TEMED and 500 pl 10% APS. 


. Resuspend the pellets in 10 pl of gel loading buffer, heat to 95°C for 5 
min, and cool rapidly on ice. 
. Run the samples on the sequencing gel at 100 W (50°C). 
4. Dry and visualize the gel by autoradiography. This can be quantitated 
by image analysis or phospho-imaging. Relative mRNA expression 


may be determined by comparison with the internal GAPDH loading 
control. 





5. In situ hybridization 

The procedure can be divided into the following stages: 

(a) Rapid fixation/snap freezing of sample (RNA degrades within minutes) 
and sectioning. 


(b) Pre-hybridization treatments to optimize probe access to target mRNA 
sequences, and reduce non-specific interactions. 


(c) Probe hybridization. 


(d) Post-hybridization washes to remove unbound probe reducing back- 
ground signal. 


(e) Detection of bound probe. 


For each tissue/cell sample outlined methods may have to be adjusted to 
optimize cytological detail, probe hybridization, and signal-to-noise ratios. 


5.1 Sample handling 


Tissue samples such as biopsy specimens should be snap frozen in liquid 
nitrogen immediately upon resection. Though we have found the use of 
frozen material more successful, wax embedded tissue can also be used 
provided it is rapidly fixed in formal saline (time of fixation is dependent on 
tissue type and sample size). 

Peripheral blood mononuclear cells or cell suspensions should be cytospun 
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immediately, but the slides can then be stored at —70°C following fixation in 
4% paraformaldehyde at room temperature for 5 min and dehydration 
through an alcohol gradient. 


5.2 Pre-hybridization 


These steps are used to optimize probe access and reduce backgrounds. 

Proteinase K treatment is included in the protocol for tissues but not for 
more fragile samples such as cytospin preparations. Controlled protease 
digestion partially removes cellular proteins to improve probe access. 

The amount of proteinase K required has to be optimized for each tissue 
(the range may vary widely from 1 pg/ml to 50 pg/ml), overdigestion will 
result in the loss of morphology. 

Treatment with 0.2 M HCl also provides an increase in signal though 
certain samples may lose morphological detail. 

Acetylation with 0.25% acetic anhydride in triethanolamine reduces non- 
specific binding to the section and the slide by neutralizing electrostatic 
interactions. 


5.3 Probe choice, labelling, and hybridization 


Sensitivity of the in situ technique can be dictated to a large extent by the 

type of probe used. Anti-sense asymmetric probes have been used by many 

investigators to achieve good sensitivity along with low backgrounds. 
Advantages of asymmetric RNA probes: 


(a) They contain only the sequences complementary to the target mRNA 
whereas denatured double-stranded probes may reassociate during hybrid- 
ization. 

(b) Although DNA probes are more easily labelled by nick-translation or 
random priming these labelling methods do not offer the specific activity 
of RNA probes labelled by the in vitro transcription protocol outlined 
later. 

(c) Single-stranded (unbound) probe can be removed by incorporating a 
ribonuclease A digestion step in the post-hybridization stages reducing 
background. 

(d) The thermal stability of RNA/RNA hybrids is greater than that of RNA/ 
DNA hybrids allowing increased hybridization and washing temperatures 
again serving to reduce non-specific binding. 


The main disadvantage of using an RNA probe is the requirement to have 
the sequence of interest cloned into a suitable vector. Most of the large 
molecular biology companies now provide kits to enable easy cloning and in 
vitro transcription. The sensitivity of RNA probes to degradation requires 
that suitable precautions are taken. 
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The increasing availability of oligonucleotides may provide an alternative 
to RNA probes offering resistance to degradation, single-strandedness, 
and tailored probe-length. Use of overlapping oligo ‘cocktails’ may provide 
good overall specific activity. It is widely accepted that short probe fragments 
(100-200 nucleotides) yield higher signals. In the case of RNA probes this 
can be achieved using controlled alkaline hydrolysis as outlined in the pro- 
tocol. 

Digestion time in the alkaline digestion buffer is calculated using the 
following equation: 


_ (Lo — Ly) 
kb Ly 


‘= time in min; Lo = initial probe length in kb; Lẹ = desired probe length 
in kb; A = 0.11 (from Cox et al., 7). 

The label of choice in this system is isotopic. The choice of isotope is **S 
offering a compromise between low scatter (and therefore reasonable resolu- 
tion) and relatively short exposure time. P is also widely used requiring 
shorter exposure times although some reports suggest increased scatter. 

Non-isotopic systems of labelling are improving all the time. Digoxigenin- 
based labelling systems are thought to be the more sensitive non-isotopic 
option. Boehringer-Mannheim supply easy to use DIG-labelling kits for 
preparing riboprobes. 


5.4 Controls 


The complexity of the technique demands rigorous controls: positive controls 
for the integrity of the probe and the integrity of the mRNA in the tissue and 
negative controls to verify that silver grain deposition in emulsion is due to 
probe localization rather than, for example, noise or emulsion contamination. 


5.4.1 Positive controls 


Suitable probe controls would include tissues or cells known to contain cells 
expressing target mRNA (see Northern analysis controls). We also have 
excellent tissue controls in the form of cell-lines transfected with the cytokine 
gene of interest established as tumours in nude mice. mRNA integrity in 
tissue can be verified by probing for an ubiquitously expressed message such 
as beta actin or glyceraldehyde phosphate dehydrogenase (GAPDH). Probes 
for polyadenylated sequences are likely to pick up partially degraded mRNA 
and because of the vast difference in levels of abundance relative to cytokine 
mRNA these would not be a relevant control. 


5.4.2 Negative controls 


Certain in vitro transcription vectors have paired RNA polymerase binding 
sites positioned on either side of the cloning site. These allow the generation 
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of sense RNA probes from the insert. These will have comparable activity to 
the anti-sense probe yet will not bind to target sequences, thereby giving an 
idea of background levels. If these vectors are not available any irrelevant 
probe of similar activity may be used. 

An idea of non-specific binding to tissue can be gained from pre-treating a 
small proportion of sections with ribonuclease A (see post-hybridization 
washes) in the pre-hybridization stages. 


Protocol 11. Slide preparation for ISH 


Equipment and reagents 


e 400 ml glass staining troughs e Millipore water 
e Slide racks e TESPA (Sigma) 
e Slides e Acetone 

e Coverslips e Repelcote 

e 10% Decon-90 


Method 

. Wash slides in hot 10% Decon 90 detergent overnight. 

. Rinse tn running tap-water for several hours. 

. Stand in Millipore water for at least 1 h. 

. Bake overnight at 250°C. 

. To improve adherence of tissue sections slides are treated as follows: 
(a) Make 2% TESPA (Sigma) in acetone. 
(b) Incubate slides at room temperature for 10 sec. 
(c) Wash twice in acetone then water. 
(d) Bake dry. 

. oiliconize coverslips by dipping in Repelcote, dry dust-free, then bake. 





5.5 Sample preparation 


5.5.1 Solid tissue 
Solid tissue (e.g. biopsy material) should be snap-frozen immediately in liquid 
nitrogen then stored at —90°C prior to sectioning. 

Cut 5 um cryostat sections on to TESPA-coated slides using a new blade 
for each specimen. If this is not practical the blade should be frequently 
swabbed with alcohol. Cut sections may be stored in slide boxes with silica 
gel for short periods (weeks) at —90°C. Wax embedded sections can be cut 
in a similar manner and run as for cryostat sections following standard de- 
waxing procedures. 
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5.5.2 Cells in suspension 
Prepare cells in suspension, e.g. non-adherent cell lines or peripheral blood 
using a cytospin. Apply 100 pl at 1 x 10°/ml at 500 r.p.m. for 3 min. The 
procedure is then the same as is used for cryostat sections but treatment with 
proteinase K is omitted. 

Cells may also be grown on coverslips and run as for cryostat sections. 


Protocol 12. Pre-hybridization 


Equipment and reagents 


e PBS e 0.1 M triethanolamine with 0.25% acetic 
e Millipore distilled water anhydride added prior to use 
e 0.2 M HCI e Alcohols— 30%, 50%, 70%, 95%, 100%, in 


e 4% paraformaldehyde— prepare fresh (dis- distilled water 
solve at 80°C in fume hood) e Rotary shaker 


e 5-20 pg/ml proteinase K made up in 
appropriate buffer (50 mM Tris, 5 mM EDTA 
pH 7.5) 


Method 


All incubations at room temp. on a rotary shaker. Place slides in racks, 
incubate in the following, in suitable slide troughs, e.g. 400 ml dishes (see 
Protocol 11) 


1. PBS 5 min 
distilled water 5 min 

0.2 M HCI 20 min 

PBS 5 min 

4% PFA 15 min 

PBS 2 x 5 min 


5 ug/ml Proteinase K 7.5 min 
made up in appropriate buffer 
(50 mM Tris, 5 mM EDTA pH 7.5) 


PBS 5 min 
4% PFA 5 min 
distilled water dip 


0.1 M Triethanolamine + 2 x 10 min 
0.25% acetic anhydride 


PBS 5 min 
Dehydrate 30%, 50%, 70%, 95%, 100% 2 min in each 
Air-dry in a dust-free environment 
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Protocol 13. Probe labelling 


(most of the following components and in vitro transcription kits available 
from Promega or Stratagene) 


Equipment and reagents 


e 5 X transcription buffer (see Protocol 6) e Alkaline digestion buffer (40 mM NaHCOs;, 
e 100 mM DTT 60 mM Na2CO3 pH 10.2, add DTT to 10 mM 
e RNasin before use) 

e 10 mM of each of ATP, CTP, GTP e 1 M sodium acetate 

e 3°S-UTP, 383P, or digoxigenin e 5% acetic acid 

e Relevant RNA polymerase (e.g. T7, T3, SP6) ° Scintillation fluid 

e RQ1 DNase e 1.5 ml microcentrifuge tubes 

e Ultrapure phenol e Vacuum desiccator 

e 10 M ammonium acetate e Alkaline digestion buffer 

e Absolute alcohol e Dry block 

e 10 mg/ml carrier RNA (either tRNA or ° Phenol 


rRNA) e Scintiflant (e.g. Picouflor) 


Dry ice/cardice 


Method 

1. To a sterile ribonuclease-free 1.5 ml microcentrifuge tube add the 

following: 
(a) 5 X transcription buffer 4 wl 
(b) 100 mM DTT 2 pl 
(c) RNasin 0.8 pl 
(d) ATP, CTP, GTP 4 wl 
(mixed in a ratio of 1:1:1:1 with distilled water) 
(e) Linearized transcription vector template 1 pl (= 1 pg) 
(f) 3°S-UTP (> 1000 Ci/nmol) or 33P-UTP 10 pl 
(g) Relevant polymerase 1 wl 

2. Pipette up and down gently to mix. Incubate at 37°C for 1 h. 

3. Add 2 units of RO1 DNase, pipette up and down gently to mix. 

4. Incubate at 37°C for 30 min. 

5. Add 80 wl of distilled water, phenol extract, add 2 pl of 10 mg/ml 
carrier RNA then precipitate with 20 wl of 10 M ammonium acetate 
and 300 pl of absolute alcohol. 

6. Put on dry ice for 10 min. Microcentrifuge for 10 min at 4°C. Carefully 
remove the supernate. 

7. Dry the pellet in a vacuum desiccator (or invert microcentrifuge tube 


and dry in RNase-free environment at room temp.) and take up in 100 pl 
of alkaline digestion buffer. 
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Protocol 13. Continued 
8. Incubate in a dry block or water bath at 60°C for 75 min (dependent 
on probe-length; see Section 5.3). 
9. Stop this reaction with 10 ul 1M sodium acetate, 10 wl 5% acetic acid, 
and 2 pl 10 mg/ml carrier RNA 
10. Phenol extract twice then precipitate as above, dry and resuspend in 
40 wl of 10 mM DTT. 
11. Count 1 wl in approximately 10 ml of suitable scintillant, e.g. Picoflor 
(expect approximately 2—4 x 10° d.p.m./pl). 


For DIG-labelling follow manufacturer’s protocol. 





Protocol 14. Hybridization 


Equipment and reagents 
(Storage temperature shown in brackets after each reagent) 


e 1M DTT (—20°C) e 10 mg/ml carrier RNA, rRNA or tRNA 


e Deionized formamide (add 50 ml of forma- (—20°C) 
mide to 5 g of a mixed bed resin, Bio-Rad e 20 mM cold S-UTP (—20°C) [may be 
AG 501-X8, stir gently at 4°C, filter, aliquot omitted] 
and store at —20°C) e 50% dextran sulphate (4°C) 

e 100 x Denhardts (4°C) e 1.5 ml microcentrifuge tubes 

e 1M Tris pH 8 (room temperature) e Siliconized coverslips (see Protocol 11) 

e 5M NaCl (room temperature) e Sealed slide box 

e 0.5 M EDTA (room temperature) e 5x SSC 

e 10 mg/ml Poly A (—20°C) 


Method 


1. Prepare the hybridization solution by adding the following (figures in 
number of wl) to 1.5 ml microcentrifuge tube. Select the required volume 
according to number of sections. 10—15 wl is required for each section. 


Reagent wl wl Final conc. 

(a) 1M DTT 5 10 10 mM 

(b) Deionized formamide 300 600 60% 

(c) 100 x Denhardts 5 10 1x 

(d) 1M Tris pH 8 5 10 10 mM 

(e) 5 M NaCl 30 60 0.3 mM 

(f) 0.5 M EDTA 5 10 1 mM 

(g) 10 mg/ml Poly A 15 30 300 pg/pl 

(h) 10 mg/ml carrier RNA 15 30 300 pg/ul 

(i) 20 mM cold S-UTP 11 22 500 uM 

(j) 50% dextran sulphate 100 200 10% 
Total volume (pul) 491 982 
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. Add the probe to a concentration of 5 x 10% c.p.m./pl. 
. Heat in a dry block for 2 min at 80°C. 


. Apply 10—15 pl/section, cover with a siliconized coverslip. 


of W N 


. Incubate overnight in a 50°C incubator in a sealed slide-box humidified 
with a tissue soaked in 50% formamide, 5 x SSC. 


Protocol! 15. Post-hybridization washes 


Equipment and reagents 


e 2-mercaptoethanol e Alcohols— 30%, 50%, 70%, 95%, 100%, in 
e 5 x SSC (see Protocol 14) distilled water 

e 4x SSC e 0.1% gelatine 

e 2x SSC e Slide racks 

e 0.1 x SSC e 400 mi slide dishes 

e Formamide e Waterbaths at 37°C, 50°C, and 65°C 


e Ribonuclease buffer (0.5 M NaCl, 10 mM œ Autoradiograph equipment and facilities 
Tris, 5 mM EDTA pH 8) 10 mg/ml ribo- (Protocol 16) 
nuclease A 


Method 


1. Slides should be transferred to racks and incubated in the following 
buffers in 400 ml slide dishes equilibrated in 37°C, 50°C, and 65°C 
waterbaths as directed. If possible slides should be gently agitated 
during the incubations. 

Buffer Temperature Time 
(a) 5 x SSC, 0.1% 2-mercaptoethanol (2-ME) 50°C 3 x 20 min 
(b) 50% formamide, 2 x SSC, 0.1% 2-ME 65°C 30 min 


(c) Ribonuclease Buffer 37C 2 x 10 min 
(0.5M NaCl, 10mM Tris, 5mM EDTA pH 8) 


(d) Ribonuclease A, 20 ug/ml in the above 37°C 30 min 
(e) Wash in (c) 37C 15 min 
(f) As (b) 

(g) 2 x SSC room temp. 15 min 
(h) 0.1 x SSC room temp. 15 min 


. Dehydrate 30%, 50%, 70%, 95%, 100% alcohol 2 min in each 


. Air-dry in a dust-free environment. 


. Dip slides in filtered 0.1% gelatine. 
. Air-dry in a dust-free environment. 


. Autoradiograph. 
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Protocol 16. Autoradiography 


Equipment and reagents 


e 0.1% gelatine e Foil 

e Ilford K5 emulsion or equivalent e Foluidine blue 

e Silica gel e 50°C waterbath 

e Kodak D-19 developer or equivalent e Slide mailing box 
e 1% acetic acid e Light-proof box 


e 30% sodium thiosulphate (made fresh) 


Method 

1. Pre-warm 10 ml of 0.1% gelatine at 50°C in a 50 ml measuring cylinder. 

2. In a dark-room (suitable safelight may be used), top up to 20 ml with 
Ilford K5 emulsion. 

3. Melt emulsion in a 50°C waterbath, rock gently (avoid bubbles) to mix. 

4. Pour into a slide mailing box. 

5. Dip slides with forceps, wipe backs then dry for 2 h in a light-proof box 
in a dark room. 

6. Transfer slides to a slide box containing silica gel then wrap box in foil, 
put at room temperature overnight, then put to 4°C for 7—10 days. 

7. Ina dark room, at room temp., incubate slides in the following: 
(a) D-19 developer or equivalent for 2.5 min. 
(b) 1% acetic acid for 0.5 min. 
(c) 30% sodium thiosulphate (freshly made) for 5 min. 

8. Transfer slides into distilled water then remove from the dark-room 
and wash in running distilled water tap for 60 min. 

9. Counterstain with Toluidine blue or other suitable general stain. 


5.6 Interpretation 


Probe localization will be detected under brightfield microscopy as a peri- 
nuclear deposition of silver grains over the cells expressing the target message 
often giving a corona-like appearance (see Figure 3). If available, darkfield 
microscopy will accentuate this deposition but will also increase the back- 


ground considerably under high magnification. 


Artifactual positives are common and may be due to several inapparent 
reasons, e.g. contamination of emulsion with talc from gloves, precipitate in 
the gelatine, precipitation of components in the hybridization mix, bubbles 
in the emulsion. Negative controls should be screened thoroughly and em- 


ployed widely. 
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Figure 3. /n situ hybridization of human ovarian cancer tissue sections with a riboprobe 
to MCP-1. (a) and (b) show the mRNA localization in two biopsies of ovarian cancer of 
differing malignancy. (Reproduced with kind permission from R. Negus Biological Therapy 


Laboratory !CRF.) 


High backgrounds may be a result of many factors, for instance insufficient 
changes of washing buffer, insufficiently high temperatures, poor ribonuclease 
A digestion post-hybridization, or exposure to extraneous radiation during 


autoradiography. 
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1. Introduction 


Cytokines display their function preferentially at local sites, occurring 
transiently and in low concentrations. For more effective intervention in 
pathophysiologic processes mediated by cytokines it is important to study 
their complex cross-regulatory network in vivo. Therefore, it is necessary to 
quantify cytokines in local sites of expression. Detection of the protein is 
hampered by usually low production of cytokines, by their short half-life in 
vivo and by the lack of specificity of certain antibodies for intracellular 
estimation. Consequently, analysis of mRNA has been widely used as sub- 
stitute for studying variations in local cytokine levels. However, conventional 
methods of mRNA analysis such as ‘Northern’ and ‘dot blot’ hybridization, 
and nuclease protection mapping are not sensitive enough to detect mRNA 
in samples limited by low cell number or low copy-number per cell. More- 
over, these methods permit only crude quantification. Thus, polymerase 
chain reaction (PCR) strategies have been developed that allow quantifica- 
tion of cytokine mRNA at a very sensitive level. Various quantitative RT- 
PCR procedures have been reported, most relying on the use of external 
standards and comparing products generated in separate reactions. However, 
because of the exponential nature of the PCR reaction small variations in the 
amplification efficiency may result in considerable changes of product yields. 
In addition, the amount of product can reach plateaux during later stages of 
the reaction due to consumption of PCR compounds or generation of inhibi- 
tors. These problems can be overcome by the use of internal controls in 
competitive PCR as has been employed by several groups (1-6). 

The most stringent requirement for an internal DNA control standard is 
the content of the same primer template sequences as the target, because 
the amplification efficiency is primarily determined by the primer annealing 
reaction. Differences between intervening sequences of control and tar- 
get DNA may influence denaturation or polymerase characteristics but this 
does not play any role when comparing mRNA in different samples. In 
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competitive PCR, an internal control fragment constructed by cloning an 
irrelevant sequence flanked by the desired primer templates, competes with 
the target DNA for primer binding and amplification. It is possible to determine 
the amount of target cDNA by spiking different known molar quantities of 
the competitor DNA in a series of PCR reactions containing equal amounts 
of the target DNA. As the initial ratio of target-to-competitor DNA remains 
constant throughout the amplification, it is not necessary to obtain data during 
the exponential phase of the reaction. This is perhaps the greatest advantage 
of competitive PCR. 

Several analytical approaches following PCR have been described. The most 
simple is to distinguish the products generated by the control and target by size 
in agarose gel electrophoresis and to estimate the amounts of PCR products 
by ethidium-bromide staining. Competitive quantification may start at the level 
of cDNA synthesis using internal control RNA. By quantifying the cDNA ofa 
housekeeping gene, e.g. beta-actin, and subsequent equilibration of different 
cDNA samples to be compared according to their beta-actin cDNA content 
it is convenient to avoid the more complicated handling with control RNA. 

The ability to perform quantitative analysis of mRNAs by competitive RT- 
PCR will undoubtedly expand the use and applications of PCR. 


2. General remarks 


e A single-step GuSCN phenol-chloroform extraction method is best for 
isolating total RNA, especially from tissue (see Chapters 3 and 5 for 
methods) 

e Add carrier RNA (e.g. tRNA) during preparation from very low cell 
numbers 

e Collect all samples to be compared as total RNA or as cell lysate in GuSCN 
at —80°C before beginning quantification 

e Run agarose gel electrophoresis to check RNA quality by means of the 
integrity of the 18S and 28S rRNA and to roughly quantify total RNA 

e Choose primer sequences of about 20 bp located on different exons if 
genomic sequence is available in order to recognize DNA contamination 
of the RNA preparation 

e Primer pairs should amplify a fragment of about 200-700 bp 

e If possible, perform RNA preparation, cDNA and the PCR reaction in 
another room to PCR product analysis to avoid contamination 


e Use different pipettes for buffers, control fragment, RNA and cDNA, PCR 
product 


Preparation, concentration and storage of some of the above mentioned 
standard reagents are according to ref. 7. The same holds true for standard 
techniques such as RNA preparation and DNA sequence analysis; oligo- 
nucleotide synthesis requires further equipment and is not shown here. 


38 


4: Polymerase chain reaction to quantitate cytokine mRNA 


3. Cytokine RT-PCR 


Carry out cDNA synthesis as recommended by the supplier of reverse trans- 
criptase. Conditions for PCR amplification (e.g. cycle number, annealing 
temperature, hot start) have to be optimized for each primer pair. For 
instance, amount of Taq-polymerase and cycle number can be reduced up to 
0.5 units/reaction tube and 25 cycles, respectively, if B-actin or another high 
abundant cDNA is amplified. Pipette both reaction mixes on ice. 


Protocol 1. cDNA synthesis 


Equipment and reagents 


e Total RNA Mixed dNTP stock: 2.5 mM dATP, dCTP, 
e Eppendorf tubes dGTP, and dTTP 


e 5 x reaction buffer: 250 mM Tris-HCI, RNasin (usually 40 U/pl) 
pH 8.3 at room temperature, 375 mM KCI, M-MLV reverse transcriptase (RT) (usually 
15 mM MgCl, 200 U/l) 

e 0.1 M DTT DEPC-treated water 

e 0.2 mg/ml oligo-dT or random hexamer Centrifuge with Eppendorf rotor and tubes 
primer 


Method 

1. Place 1 ug total RNA in an Eppendorf tube. 

2. Add 11.5 wl reaction mix, consisting of 4 ul 5 x reaction buffer; 2 wl 
DTT; 2 wl oligo (dT) or random primer, 2 ul dNTP mix; 0.5 ul (20 units) 
RNasin; 1 wl RT (200 units). 

. Add DEPC-treated water to a final reaction volume of 20 yl. 
. Mix well, centrifuge briefly. 

. Incubate at room temp. for 10 min. 

. Incubate at 37°C for 60 min. 

. Heat-inactivate RT for 10 min at 70°C. 

. Store at —20°C. 





Protocol 2. PCR reaction 


Equipment and reagents 


cDNA (see Protocol 1) e Light mineral oil 

PCR tubes e Thermocycler 

10 x PCR reaction buffer: 500 mM KCI, 100 œ Loading buffer with bromophenol blue 
mM Tris-HCI, pH 8.3 at room temperature, © Agarose 

15 mM MgClo, 0.01% (w/v) gelatin or 1% e DNA molecular weight marker 


Triton X-100 e Restriction enzymes 
e NTP mix (see Protocol 1) e Ethidium bromide 
e 10 uM stock primers e Submarine gel electrophoresis chamber 
| e Tag-polymerase (usually 5 U/l) e Transilluminator for UV light 
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Protocol 2. Continued 


Method 


1. 


Place 1 ul of each cDNA in PCR tubes, except in a control tube (to 
exclude contamination). 


. Add 24 ul reaction mix, consisting of 2.5 wl 10 x reaction buffer; 2 wl 


NTP mix; 0.5 wl of each primer; 0.2 wl Tag-polymerase (1 unit); 18.3 wl 
H,O (if hot start is necessary to increase amplification specificity, Taq- 
polymerase has to be added to each tube after overlaying and heating 
up to 95°C). 


. Overlay with mineral oil. 


4. Subject to amplification in a thermocycler: 3 min 95°C; (30 sec. 95°C, 


1 min 60°C, 1 min 72°C) x 30-35, depending on the abundance of the 
target cDNA and the amplification efficiency of the primer pair; 5 min 
1236 


. Add 2 wl loading buffer to 8 wl of the PCR-product and analyse by 


agarose gel electrophoresis. 


. Confirm specificity of PCR product by ‘Southern’ hybridization with a 


DNA probe or by restriction analysis with enzymes indicative for the 
amplified sequence. This step is mandatory in the beginning and may 
be omitted once you have demonstrated specificity of PCR reaction. 


4. Control fragment design and construction 


Standards with single specificity can be easily obtained using PCR amplifica- 
tion of cDNA with specific primers subsequent to deletion or insertion of a 
DNA fragment of 50-100 bp. If the genomic sequence is known to have a 
small intron, the genomic DNA amplified with the same primers as the cDNA 
may serve as internal standard. Another more convenient approach for con- 


trol fragment construction is described in Protocol 3. 


When a number of different cytokine transcripts have to be quantified the 


use of a multispecific control fragment is desirable (Protocol 4). 


Protocol 3. Construction of control fragments with single 


specificity 


Equipment and reagents 


e Genomic DNA e Light mineral oil 

e 10 x reaction buffer (see Protocol 2) e Thermocycler 

e dNTP mix (see Protocol 7) e Agarose gel electrophoresis equipment and 
e Primers ‘ reagents (see Protocol 2) 

e Taq-polymerase (see Protocol 2) e Gene clean kit (Bio 101 Inc.) 
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Method 

1. Place 1 pg genomic DNA of an evolutionary distantly related species 
in a PCR tube. 

2. Add 10 pl 10 x reaction buffer; 8 wl dNTP mix; 4 wl of each specific 
primer; 0.4 wl (2 units) Taq-polymerase. 

3. Add H20 to a final volume of 100 wl and overlay with oil. 

4. Subject to amplification in a thermocycler: 5 min 95°C; (1 min 95°C, 
2 min 37°C, 2 min 72°C) x 3; (1 min 95°C, 2 min 60°C, 2 min 72°C) x 
35; 5 min 72°C. 

5. Analyse 10 wl of the PCR product in agarose gel. Due to the low 
annealing temperature during the first 3 cycles several bands of differ- 
ent size should appear. 

6. Perform preparative gel electrophoresis with the remaining 90 yl of 
PCR product. 

7. Excise gel slice containing a DNA fragment of appropriate size. 

8. Isolate the fragment from the gel (e.g. with Gene clean). 

9. Dilute the fragment at least 1:1000 and repeat the procedure of 
amplification (except the 3 low-stringent annealing cycles) and 
purification. 

10. To exclude the possibility that the fragment is flanked by one of the 


An example for generations of control fragments by cross-species PCR is 
shown in Figure 1. It shows construction of an IL-1 specific control fragment 


primers at both ends, perform amplification with each one of the 
primers. 


obtained by mouse IL-1 primer and chicken genomic DNA (3). 


Figure 1. Analysis of amplification products obtained by cross-species PCR with mouse IL-1 
primers and genomic chicken DNA. Lane 1: 1 ug 123 bp ladder; lane 2: equivalent of 0.2 ug 
of genomic chicken DNA amplified under low-stringency annealing conditions; lane 3: 
purified IL-1 competitor DNA fragment (IL-1 cf); lanes 4—6: PCR in the presence of 1 fg of 
competitor DNA fragment and either both primers (4), sense (5) or anti-sense (6) primer 
alone. Taken from Uberla et al. (1991). PCR Methods Applic., 1, 136—9, with permission. 


oe) ee ee 
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Protocol 4. Design and construction of a multispecific control 
fragment 


Equipment and reagents 


e GENMON computer program (GBF Braun- e Plasmid (e.g. pBluescript |I! KS+ from 
schweig) Stratagene) 


e DNA ligase and appropriate reaction buffer e Sequence analysis equipment and reagents 


e Agarose gel electrophoresis equipment and 
reagents 


Method 


1. Design the location of the primers on the control DNA in such a tandem 
array of 5’ and 3’ sequences that the amplified fragment differs by 
approximately 100 bp in size from the cDNA amplification product 
(Figure 2). Only the oligonucleotides at the extreme ends of the synthetic 
DNA fragment should contain restriction sites for subsequent cloning 
into a plasmid. 


. Select 38-—65mer overlapping complementary oligonucleotides com- 
prising the sequences of all cytokine specific 5’ and 3’ primers with an 
appropriate computer program (e.g. GENMON from GBF Braun- 
schweig) and synthesize them. 


. Hybridize the oligonucleotides and ligate them. 


4. Visualize the ligation product of correct size by agarose gel electro- 
phoresis and purify it. 


. Clone the control fragment into an appropriate plasmid and verify it by 
sequence analysis. 





By the above protocol we have constructed mouse cytokine control plasmid 
pMCOQ (Figure 2) and recently human cytokine control plasmids pHCQ1 and 
pHCQ2 (Figure 3) have been made by one of us (C. P.). The mouse and 
human primer sequences and PCR product sizes of cDNA and control frag- 
ment are listed in Tables 1] and 2, respectively (4, 6). 


5. Quantitative PCR 


In most cases determination of relative cytokine mRNA levels in two cDNA 
samples is envisaged. In order to correct for variations of cDNA amounts in 
different preparations, all samples to be compared have to be adjusted to 
contain identical cDNA concentrations. This can be based on cDNA content 
of a constitutively expressed gene, e.g. beta-actin. Subsequently, the cali- 
brated samples can be quantified for cytokine cDNA levels. For the quantifi- 
cation of each cDNA, the appropriate amount of the control fragment to be 
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Figure 2. Experimental outline for cytokine mRNA quantification by competitive PCR 
with control plasmid pMCQ. The amount of PCR product is proportional to the amount 
of input DNA as demonstrated by co-amplification of constant amounts of target cDNA 
and serially diluted control fragment. At the bottom, the order of 5’ and 3’ primer-specific 
sequences in plasmid pMCO is given. Taken from Platzer et al. (1992). Eur. J. Immunol., 
22, 1179—84, with permission. 


Table 1. Oligonucleotides used to amplify mouse target cDNA and control 
fragment (cf) DNA from pMCO and lengths (bp) of their PCR products 


sense cDNA cf 
antisense 

b-actin TGGAATCCTGTGGCATCCATGAAAC 348 264 
TAAAACGCAGCTCAGTAACAGTCCG 

IL—la CTCTAGAGCACCATGCTACAGAC 308 138 
TGGAATCCAGGGGAAACACTG 

IL—2 TGATGGACCTACAGGAGCTCCTGAG 167 289 
GAGTCAAATCCAGAACATGCCGCAG 

IL-3 GAAGTGGATCCTGAGGACAGATACG 292 238 
GACCATGGGCCATGAGGAACATTC = 

iL—4 CGAAGAACACCACAGAGAGTGAGCT 180 288 
GACTCATTCATGGTGCAGCTTATCG 

IL-5 ATGACTGTGCCTCTGTGCCTGGAGC 242 338 
CTGITTTTCCTGGAGTAAACTGGGG 

iL—6 TGGAGTCACAGAAGGAGTGGCTAAG 154 288 
TCTGACCACAGTGAGGAATGTCCAC 

TNF GGCAGGTCTACTTTGGAGTCATTGC 307 438 
ACATTCGAGGCTCCAGTGAATTCGG 

LT TGGCTGGGAACAGGGGAAGGT TGAC 205 290 
CGTGCTTTICTICTAGAACCCCTTGG 

IFNg AGCGGCTGACTGAACTCAGATTGTAG 243 315 


GTCACAGTTTTCAGCTGTATAGGG 
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Figure 3. Control fragments for human cytokine quantification. The order of 5’ and 3’ 
primer-specific sequences in plasmids pHCQ1 and pHCQ2 is given. Taken from Platzer 
et al. (1994), Transplantation 58, 264, with permission. 


added to the PCR reactions has to be estimated. According to the competi- 
tion of the two substrates for the primer the ratio of the two templates 
remains constant during the amplification. This 1s the case if the target to 
standard ratio is between 0.1 and 10. In our hands the above described 
multispecific control fragments (lengths 471-568 bp, concentration 10-25 ng/ 
ul) were diluted 107° to 107° to analyse the housekeeping gene expression, 
and 10~* to 107'° to estimate gene expression of different cytokines. In 
general, when determining absolute initial amounts of mRNAs by com- 
petitive PCR using standard DNA fragments, one must take into account 
the fact that the efficiency of reverse transcription is about 40-50%. Thus, 
calculations of the absolute amount indicate the minimum number of mRNA 
molecules present in a given sample. In order to determine relative mRNA 
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Table 2. Oligonucleotides used to amplify human target cDNA and control fragment DNA 
from pHCQ1 and 2 and lengths of their PCR products 


b-actin 
GAPDH 
IL—1a 
IL—1b 
IL-2 
IL—2R p55 
IL-2R p75 
IL-4 

IL—6 

IL-7 

IL—8 
IL—10 
IFNg 
CD3d 
GM-CSF 
Grn A 
TNF 

LT 

MCAF 
DRb 


DQb 


sense 
antisense 


CGGGAAATCGTGCGTGACAT 
GAACTTTGGGGGATGCTCGC 
GCAGGGGGGAGCCAAAAGGG 
TGCCAGCCCCAGCGTCAAAG 
CTCACGGCTGCTGCATTACA 
ACCTACGCCTGGTTTTCCAG 
TGCCCGTCTTCCTGGGAGGG 
GGCTGGGGATTGGCCCTGAA 
CCTCAACTCCTGCCACAATG 
TTGCTGATTAAGTCCCTGGG 
CCTGCCTCGTCACAACAACA 
AAAACGCAGGCAAGCACAAC 
TCAAACAACATTCCACCCCA 
CAAATGGTCAGCAGCCCTCT 
GCTTCCCCCTCTGTTCTTCC 
TCTGGTTGGCTTCCTTCACA 
TAGCCGCCCCACACAGACAG 
GGCTGGCATTTGTGGTTGGG 
TTTTATTCCGTGCTGCTCGC 
GCCCTAATCCGTTTTGACCA 
GGGTCTGTTGTAGGGTTGCC 
TGTGGATCCTGGCTAGCAGA 
CTGAGAACCAAGACCCAGACATCAAGG 
CAATAAGGTTTCTCAAGGGGCTGG 
TCGTTTTGGGTTCTCTTGGC 
GCAGGCAGGACAACCATTAC 
CTGGACCTGGGAAAACGCATC 
GTACTGAGCATCATCTCGATC 
CTCGCCCAGCCCCAGCACGC 
GCAGCTCCCCGGCTTGGCCA 
TGAACAAAAGG TCCCAGGTC 
ATTCATTCCAATCACAGGGT 
CTCTGGCCCAGGCAGTCAGA 
GGCGTT TGGGAAGGTTGGAT 
ACCCTCAAACCTGCTGCTCA 
AGAATGGAGGCAGAATGGGG 
ATGAAAGTCTCTGCCGCCCT 
TCTTCGGAGTTTGGGTTTGC 
CCGGATCCTTCGTGTCCCCACAGCACG 
CTCCCCAACCCCGTAGTTGTGTCTGCA 


CTCGGATCCGCATGTGCTACTTCACCAACG 


GAGCTGCAGGTAGTTGTGTCTGCACAC 


a From control plasmids pHCQ1 and 2, respectively 
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levels between two cDNA probes it is not necessary to run PCR with many- 
fold dilutions of the competitor. It 1s convenient to add a constant amount 
of competitor to PCR reactions which contain in comparison the different 
cDNA samples calibrated before to equal concentrations. The increase or 
decrease of their product ratio from sample to sample directly reflects the 
initial relative abundance of the target mRNA within each sample. 


Protocol 5. Adjustment of cDNA concentrations by competitive 
PCR between competitor DNA and a housekeeping 
gene 


Equipment and reagents 


e Standard DNA e Agarose gel electrophoresis equipment and 
e PCR tubes reagents 
e B-actin or GAPDH primers e CCD imaging system 


e Thermocycler 


Method 

. Prepare a series of 1:10 dilutions of the standard DNA. 

. Prepare 3 to 5 PCR tubes for each cDNA included in the comparison. 
. Give 1 pl undiluted cDNA in the tubes. 

. Place 1 wl of the different dilutions of the standard DNA. 


Jg Ff W N = 


. Add PCR reaction mix with B-actin or GAPDH primers and run PCR for 
25—27 cycles as described above. 


6. Analyse PCR products by agarose gel electrophoresis. 


7. The relative amounts of target and standard product in each sample 
are compared visually, by CCD imaging or incorporation of radioactivity 
during PCR. 


8. The initial amounts of target and competitor are assumed to be equal 
in those reactions where the molar ratio of their products are judged 
to be equal (after correction for size differences). 


9. All cDNAs which subsequently should be compared for cytokine 
cDNA amounts according to Protocol 6 (see below) should be diluted 
to the level of the cDNA with the lowest housekeeping gene content. 


10. Run a test-PCR with a single control fragment concentration which 
should give equal band intensities with all adjusted cDNAs. 
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Protocol 6. Quantification of cytokine cDNA 


Equipment and reagents 


ə Adjusted cDNA from Protocol 5 e Thermocycler 

ə Standard DNA ə Agarose gel electrophoresis equipment and 
e PCR reaction mix (see Protocol 2) reagents 

e Cytokine primers e CCD imaging system 

Method 


1. Place 1 pl of each adjusted cDNA into tubes 1-5. 
2. Add 1 wl of different dilutions of the standard DNA to each cDNA. 


3. Add PCR reaction mix with the respective cytokine primers and run PCR 
for 27—40 cycles as described above. 


4. Analyse the PCR products by agarose gel electrophoresis. 


5. Determine the ratio of amplified target to competitor products in each 
sample as described in Protocol 5. 


6. Differences in the ratios indicate the relative differences in MRNA levels 
between the samples (semi-quantitative approach) or, using a dilution 
series of competitor, the log of the ratios is graphed as a function of 
the log of the known amount of competitor added to the PCR reaction 
(quantitative approach). 


An example for cytokine quantification according to Protocols 5 and 6 is 
shown in Figure 4. It shows determination of IL-4 mRNA levels in spleen 
cells derived from IL-4 transgene heterozygous versus homozygous mice. The 
cDNAs were first adjusted to equal concentrations by means of B-actin 
content and subsequently IL-4 mRNA levels were determined. The results 
show a two-fold increase of IL-4 mRNA in the homozygous compared to 
heterozygous animals (gene dosage effect) (4). 

An alternative comparative method for quantitating individual cytokine 
mRNA is to use radioactive PCR amplification and comparison to a house- 
keeping gene. This method is briefly described in the next chapter. 
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Figure 4. IL-4 transgenic homozygous animals contain twice as much IL-4 mRNA as 
heterozygous mice. Top: cDNA samples were adjusted to identical concentrations of B- 
actin cDNA by co-amplification of constant amounts of cDNA and two-fold dilutions of 
control fragment (cf). Arrows indicate the titration point when equal band intensities 
were obtained for target cDNA and control fragment. Bottom: identical amounts of cDNA 
were used for PCR with IL-4-specific primers in the presence of two-fold dilutions of 
control fragment. In the IL-4-transgenic homozygous mouse, the IL-4 cDNA successfully 
competes with twice as much control fragment as in the heterozygous mouse (arrows). 
Taken from Platzer et al. (1992). Eur. J. Immunol., 22, 1179-84, with permission. 
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1. Introduction 


Comparative PCR may be used to compare the expression of cytokines in a 
series of diverse settings: for example, in different tissues or cell lines; in the 
same tissues or cell lines; before and after specific treatments; during kinetic 
studies; in uninfected versus infected organs etc. In each case the small 
amount of tissue, low cell-numbers or low copy-number would limit the 
utilization of Northern blots or the RNAse-protection assays described in 
Chapter 3. In contrast to the techniques described in Chapter 4, the method 
detailed here does not necessitate the construction of a multispecific control 
fragment. Comparison is achieved by subjecting samples to amplification, in 
sub-saturating conditions, of the constitutively expressed glyceraldehyde 
phosphate dehydrogenase (GAPDH) gene and the specific cytokine, either 
in parallel, or preferably, in the same tube, in the presence of a radiolabelled 
deoxynucleotide. The relative product amounts are quantitated by measuring 
the incorporated radioactivity of the specific bands from dried gels. This can 
be done by phosphor-imager analysis 01, after exposure to film, by con- 
ventional densitometry. The values obtained by measuring the incorporated 
radioactivity in the cytokine amplification products are normalized to the 
values obtained in the GAPDH amplification products. 

It is always useful to perform a titration curve by plotting the c.p.m. 
associated with each amplified fragment of the appropriate size to the dilution 
of cDNA. The values obtained for each cytokine and GAPDH are then used 
to generate a linear regression line. Also, a sample of cDNA can be subjected 
to sequential cycles of amplification. The c.p.m.s obtained for each amplified 
fragment are plotted against the number of cycles. The amounts of PCR- 
generated bands increase logarithmically up to a certain number of cycles, 
reaching a plateau thereafter. Under the conditions used one must ensure 
there is a linear relationship between the initial amount of cDNA and the 
PCR signal. 
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2. Methods 


Protocol 1. RNA extraction 


The RNA extraction method we use is based on a published method by 
Chomezynski and Sacchi (1). A similar method is described in Chapter 3. 


Equipment and reagents 


Denaturing solution: 23.6 g guanidinium e 2 M Na-acetate, pH 4 (autoclaved) 


thiocyanate (prepared in autoclaved H20), èe Phenol (water or TE-saturated) 


1.25 ml of 1 M Na-citrate pH 7 (autoclaved), 
2.5 ml of 10% lauryl sarcosyl (heated 10 
min at 65°C), 330 pl 2-mercaptoethanol, 


e Chloroform/isoamylalcohol mixture (49:1) 
èe lsopropanol or ethanol. 


complete to 50 ml with autoclaved H20. ° Autoclaved Eppendorf tubes 
This solution can be stored at least 3 
months at room temperature. 


Method 


1. 


Homogenize the tissue (around 20—100 mg or 1 confluent plate) in 
0.5 ml of denaturing solution. Should not be too gooey, if so, add 
more denaturing solution and adapt the rest of the amounts. Put in 
an autoclaved Eppendorf tube. 


2. Add 50 wl of 2 M Na-acetate. Mix well by inverting the tube. 


3. Add 0.5 ml phenol. Mix well by inversion. 


4. Add 0.1 ml chloroform/isoamylalcohol. Mix vigorously by inversion 


(for 10 sec). 


. Leave on ice for 15 min. 


6. Centrifuge at 10000 g (or 14000 r.p.m. in a microcentrifuge) for 20 


10. 
11. 


min at 4°C. 


. Take supernatant into new Eppendorf and add same volume of iso- 


propanol or 1 ml of ethanol. Leave a minimum of 2 h at —70°C. 


. Centrifuge at 10000 g (14000 r.p.m. in a microcentrifuge) for 15 min 


at 4°C. 


. Keep pellet, wash in 70% ethanol. Centrifuge at 10000 g (14000 r.p.m. 


in a microcentrifuge) for 15 min at 4°C. 
Dry pellet. 


Resuspend in 20—40 pl autoclaved H20. Use 2 ul for OD269 nm. Verify 
the integrity of the RNAs by electrophoresis as described before 
(Chapter 3, Protocol 1). 
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Protocol 2. DNAse treatment 


The DNAse step is used to ensure that the specific PCR-generated frag- 
ments derive from the amplification of CDNA and not genomic DNA. This 
is not only important in the case where the primers chosen do not encom- 
pass an intron, but also to avoid competition between cDNA and genomic 
DNA templates during the amplification reaction. 


Equipment and reagents 


e Promega in vitro Transcription Kit: 5 x e TE buffer (Tris 10 mM ph7-EDTA 1 mM 


transcription buffer, RNAsin, 0.1 M dTT, pH 7) (autoclaved) 

RQ1 DNAse (from Promega f.ex.) e Eppendorf tubes and microcentrifuge 
e 3 M Na-acetate pH 5.4 (autoclaved) e Autoclaved water 
e Ethanol 
Method 


1. In an Eppendorf tube add, in this precise order: 4 wl of 5 x transcrip- 
tion buffer, 1 wl 0.1 M dTT, 1 wl of RNAsin, X wl of RNA (between 1 
and 20 wg of total RNA), 1 wl of RQ1 DNAse, H20 to a final volume of 
20 wl. 


. Leave at 37°C for 30 min. 
. Add 80 wl of TE. Mix well. 
. Add 100 wl of phenol saturated in TE. Mix well. 


. Centrifuge for 2 min at RT on a microcentrifuge. 


oO oo A W N 


. Put supernatant in new tube. Add 100 ul of chloroform/ 
isoamylalcohol. Mix well. 


7. Centrifuge for 2 min at RT on a microcentrifuge. 


8. Put supernatant in new tube. Add 10 pl of 3M Na-acetate pH 5.4. Mix 
well. Add 200 wl of ethanol. Mix well. 


9. Leave at least 2 h at —70°C. 


10. Centrifuge at 10000 g (14000 r.p.m. in a microcentrifuge) for 15 min 
at 4°C. 


11. Keep pellet, wash in 70% ethanol. Centrifuge at 10 000 g (14000 r.p.m. 
in a microcentrifuge) for 15 min at 4°C. 


12. Dry pellet. 
13. Resuspend in 12 wl autoclaved H20. 
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Protocol 3. Reverse transcription 


It is important to compare the efficacy of oligo(dT) versus random primers 
when preparing cDNA. For example, if primers are situated in the 5’ end 
portion of the gene, and the gene is either large (above 2000 bp) or has 
a long 3’ untranslated region, it might prove best to prepare the cDNA 
with random primers. 


Equipment and reagents 


e cDNA Synthesis kit (Boehringer Mannheim AG, Switzerland): Solution 1 (buffer), Solution 2 
(RNAsin), Solution 3 (deoxynucleotide mix), Solution 4 (oligo(dT)1s5) or Solution 12 (Random 
primers), Solution 5 (AMV reverse transcriptase). 


Method 


1. To the 12 wl of RNA (generally 20 pg RNA) add, in this precise order: 
4 wl of Sol. 1 
1 pl of Sol. 2 
1 wl of Sol. 3 
1 pl of Sol. 4 or 12 
1 pl of Sol. 5 


2. Leave at 42°C for 1h. 


. Add 80 wl of H20 (to have a 200 ng RNA per ul solution, this is not 
imperative). 


. Keep at —20°C until use. 


Protocol 4. PCR reaction 


This method employs radioactivity, and special care should be taken in 
all steps beyond the PCR reaction, especially while handling the gel and 
buffer. 


Equipment and reagents 


e 10 x Buffer: 250 mM TAPS-HCI pH 9.3, 500 e AmpliTaq (Perkin Elmer, Cetus) 
mM KCI, 10 mM 2-mercaptoethanol, 125 © Ampli-primer mix: 0.2 mM of each 5’ and 
mg/ml denatured salmon sperm DNA 3’ specific primers 

e Deoxynucleotide mix: 200 mM of each «¢ Mineral oil 
dATP, dCTP, dTTP, and dGTP 


= i e Thermocycler 
e [a--“PJdCTP (3000 Ci mmol", Amersham) 





Method 


1. To the desired amount of cDNA to be amplified (e.g. 4 ul or 200 ng) 
add 5 ul of 10 x buffer, 4 wl of deoxynucleotide mix, 1 wl of ampli- 
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primer mix, 0.5 wl of °*P-dCTP, 0.5 wl of ampliTag (2.5 Units) and water 
to a final volume of 50 pl. 


2. Overlay with 1 drop of mineral oil. 


3. Amplify samples in a DNA thermal cycler. Conditions of amplification 
vary with each specific set of primers. A typical amplification reaction 
for GAPDH would be: 94°C for 5 min, 55°C for 2 min, and 72°C for 2 
min for 1 cycle followed by 30 cycles at 94°C for 1 min, 55°C for 2 min, 
and 72°C for 2 min. When possible, amplify for GAPDH and the specific 
cytokine in the same tube. If this is not possible, work in parallel tubes. 
All samples should be assayed in duplicate. 





Protocol 5. Quantification 


Equipment and reagents 


e Electrophoresis grade agarose e 3 MM chromatography paper (Whatman) 
e 5 x TBE buffer: 54 g Trizma base, 27.5 g œ Gel dryer 
boric acid, and 4.65 g EDTA for 1! e Phosphor screen cassette and phosphor- 
e Ethidium bromide at 10 mg/ml imager 
e Loading dye: 0.25% xylene cyanol, 0.25% © UV transilluminator 
bromophenol blue, and 4% sucrose e Saran wrap 
Method 


1. Prepare a 1.2% agarose gel in 1 x TBE, dissolve by heating in a 
microwave. Once it has cooled down to approximately 50°C, add 5 ul 
of ethidium bromide and pour into a gel tray. 

2. Mix 15 wl of the amplification reaction with 3 pl of loading dye and 
load on to gel. 


3. Migrate for 2 h at 80 V. 
4. Visualize the PCR products on a UV transilluminator. 


5. Place the gel on top of a 3 MM chromatography paper (Whatman) and 
cover it with Saran wrap. Dry the gel in a gel dryer (no heat) for 30 min. 

6. Place the dried gel in a phosphor screen cassette (Molecular Dynamics) 
and expose for 24 h. 

7. Place the screen in a Molecular Dynamics 400 A phosphor-imager and 
read the incorporated radioactivity in each of the specific PCR- 
generated fragments. 

8. Normalize the values obtained by measuring the incorporated radio- 
activity in the specific cytokine fragments to the GAPDH fragments. 

A typical result is shown in Figure 1. 
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Figure 1. Expression of IFN-y, IL-4, and IL-6 in brain and spleen of uninfected, and 
Plasmodium berghei infected cerebral malaria-resistant (CM-R) and cerebral malaria- 
susceptible (CM-S) mice. (a) The equivalent of 200 ng of total RNA was reverse- 
transcribed and amplified under the conditions specified. Shown is a representative gel 
of the organs from 1 mouse. Exposure times were variable (4 h to 1 day at room temp. 1) 
but consistent for each cytokine. The GAPDH-specific fragments are shown as visualized 
by ethidium bromide staining. (b) The radioactivity of the PCR products in brain was 
quantitated with a phosphor-imager, normalizing the values obtained (expressed as mean 
+ SD, 4 mice per group) to the values obtained by quantitating the GAPDH amplification 
products. Taken from ref. 2. 
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1. Introduction 


This chapter will deal primarily with radiolabelling interferons, IFNs, the 
analysis of binding assays, and a procedure for covalently cross-linking labelled 
IFN to its receptor. Finally, some data on the cloning of the Hu- and Mu- 
IFN-y receptors and a functional Hu-IFN-a/B receptor will be presented. 
Although most of the data presented are from our studies of the interaction 
of IFN-y and its receptor, the procedures should be applicable to other 
ligand-receptor systems. 

The interferons (IFNs) are a family of proteins which elicit a multitude of 
cellular responses including antiviral, antiproliferative, and immunoregula- 
tory activities. There are four classes of human interferons that have been 
isolated and characterized (1-9). These are the leukocyte or interferon alpha 
(IFN-a), fibroblast or interferon beta (IFN-B), immune or interferon gamma 
(IFN-y), and interferon omega (IFN-w). Binding to a specific cell surface 
receptor is a necessary, but apparently not sufficient, condition for cellular 
activation (10-13). IFN-a, IFN-B, and IFN-w share a common receptor which 
is distinct from the IFN-y receptor (5, 14). 

During the course of our studies of the IFN receptors, our group has 
developed a novel procedure for radiolabelling ligands to very high activities 
(15-18). The method is based on the fact that human (Hu), murine (Mu), 
rat (Ra), and even bovine (Bo) IFN-ys contain at least one recognition 
sequence for the cAMP-dependent protein kinase from bovine heart. Thus, 
this fortuitous circumstance has enabled us to phosphorylate several recom- 
binant IFN-ys to very high activities by utilizing [y--*P]ATP and a 
commercially-available protein kinase. None of the phosphorylated proteins 
exhibited any significant loss of biological activity when assayed in a standard 
cytopathic effect inhibition assay for interferon activity. 

It was subsequently demonstrated that serine is the only amino acid phos- 
phorylated. Mu- and Ra-IFN-y each have a single phosphorylation site (19) 
whereas Hu-IFN-y has two phosphorylation sites (20). The phosphorylation 
sites reside at the carboxy-terminal end of the proteins. Because of its 
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nearly-perfect identity with Hu-IFN-y in the carboxy-terminal region, we 
have speculated that Bo-IFN-y also has two sites of phosphorylation (19). 

Recently, the labelling procedure has been extended to proteins which lack 
an intrinsic phosphorylation site. By employing oligonucleotide-directed 
mutagenesis, phosphorylation sites were introduced in Hu-IFN-a«A (21, 22), 
Hu-IFN-aB2 (23), and Hu-IFN-aA/D(Begl) (23). Several mutant proteins 
were isolated and each was capable of being phosphorylated with no loss of 
biological activity. The [°?7P]Hu-IFN-«A-Pl and Hu-IFN-aB2-P proteins have 
been used extensively in our laboratory to study the Hu-IFN-a/B receptor. 

Due to the very high labelling efficiency of the phosphorylation reaction 
(up to 10-fold higher than many iodination procedures) and high retention of 
biological activity, the °?P-labelled IFNs have become invaluable reagents in 
our efforts to characterize and clone the IFN receptors. Binding studies can 
allow one to estimate the dissociation constant (Ka) of the ligand-receptor 
complex as well as the number of receptors per cell or per gram of protein 
in a preparation of membranes. From this type of information, a suitable 
source for purifying the receptor protein can be identified. We have also set 
up a translation system in which a binding assay is performed directly on 
Xenopus laevis oocytes 48-72 h after microinjection with mRNA (24). The 
oocyte binding assay has been used to evaluate various mRNAs for their 
relative content of IFN-y receptor RNA as well as to test the binding capabil- 
ity of putative receptor clones whose RNA was transcribed in vitro from 
vectors driven by the strong SP6 or T7 phage promoters (25). If the bound 
[°*P]IFN-y is then covalently cross-linked to the receptor, the molecular size 
of the receptor can be estimated after SDS-polyacrylamide gel electrophoresis 
of the covalent complex and visualization by autoradiography. 


2. Methods 


2.1 Cell culture 


Grow tissue culture cells in appropriate media (Life Technologies or Sigma) 
containing 10% heat-inactivated fetal bovine serum and 50 ug/ml gentamicin 
sulfate at 37°C in 5% COp. For binding experiments, wash suspension cells 
once and then resuspend in fresh medium. For adherent cells, remove 
medium, wash cells once with phosphate-buffered saline lacking Ca*t and 
Mg?* (PBS), release with trypsin-EDTA, wash, and finally resuspend in fresh 
medium. (Some receptors may be trypsin sensitive —see Section 5.) 

The biologic activity of the interferons can be assayed in a standard cyto- 
pathic effect inhibition assay (27) with cells and challenge virus appropriate 
to the type and species of interferon being examined. 


2.2 Interferon radiolabelling 
The conditions of the phosphorylation reaction can vary somewhat depending 
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on the desired specific activity of the material. The following protocol usually 
yields high levels of labelling: 





Protocol 1. Interferon radiolabelling 


Equipment and reagents 


e [y-°*PJATP (>6000 Ci/mmol, Amersham or œ 1 x reaction buffer 20 mM Tris-HCI, pH 7.4, 
New England Nuclear) dried in a Savant 100 mM NaCl, 12 mM MgCl, 
Speed-Vac Concentrator prior to use ə Recombinant Mu-and Hu-IFN-y (24, 26) 
e Catalytic subunit of bovine heart cAMP- stored in liquid nitrogen in small aliquots 
dependent protein kinase (Sigma); pre-  ¢ Bovine serum albumin 
pared in 6 mg/ml (39 mM) dithiothreitol at 
15 U/pl and stored in liquid nitrogen in 
small aliquots 


ə 10 mM sodium pyrophosphate, pH 6.7 


Method 


1. Incubate about 0.5—1 ug of protein at 30°C for 60 min with 1 mCi of 
[y--2PJATP and 15-30 units of the catalytic subunit of the cAMP- 
dependent protein kinase. The reaction volume of 60 wl should also 
contain 20 mM Tris-HCI, pH 7.4, 100 mM NaCl, 12 mM MgClo, and 
0.65—1.3 mM dithiothreitol (depending on how much kinase is used). 


2. Dilute the reaction mixture with 0.25—0.5 ml of a cold solution of bovine 
serum albumin (5 mg/ml) in 10 mM sodium pyrophosphate, pH 6.7. 
The sodium pyrophosphate is used to inhibit dephosphorylation. 


3. Dialyze twice against 1 litre or three times against 250 ml of 10 mM 
sodium pyrophosphate, pH 6.7 at 4°C to remove the unincorporated 
[y-22P]ATP. Continue dialysis for at least 6 h before changing the solu- 
tion. Store the labelled protein in small aliquots in liquid nitrogen. 


Typically, the degree of phosphorylation has ranged from about 1000- 
4000 Ci/mmol (65-254 wCi/wg) for Mu-IFN-y, 630—6000 Ci/mmol (36-340 
wCi/ug) for Hu-IFN-y, 890-2600 Ci/mmol (45-135 wCi/wg) for Hu-IFN- 
aA-P1, 1111 Ci/mmol (~57 wCi/wg) for Hu-IFN-aB2-P and 1028 Ci/mmol 
(~53 wCi/wg) for Hu-IFN-aA/D-P. 


2.3 Binding of [°°P]Mu-IFN-y to tissue culture cells 


Protocol 2. Binding of [°?P]Mu-IFN-y to tissue culture cells 





Equipment and reagents 


e [?*P]Mu-IFN-y stored in liquid nitrogen in e Long 0.4 ml polypropylene microcentrifuge 


small aliquots tubes 
e Costar Spin-X filter unit e Brinkmann model 5413 centrifuge with 
ə 5—10% (w/v) sucrose in PBS horizontal rotor 
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Protocol 2. Continued 


Method 


1. 


Prior to binding to cells, centrifuge the [?7P]Mu-IFN-y at 15000 g for 15 
min or filter (e.g. Costar Spin-X filter unit) for 1-2 min at 4°C. This 
procedure removes protein aggregates which form from freezing and 
thawing the [??P]Mu-IFN-y solution. 


. Prepare cells as described in Section 2.1 and resuspend in medium at 


a concentration of about 5 x 10°/ml. 


. Typically, place 240 wl of cells into the first tube in each of two sets of 


1.5 ml polypropylene tubes. The remaining tubes should contain 120 wl 
of cells. The first set of tubes contains untreated cells whereas the 
second set of tubes contains cells which were treated with unlabelled 
Mu-IFN-y at a concentration of 1 ug/ml for 5 min prior to making the 
aliquots. The tested cells should contain unlabelled ligand at a concen- 
tration about 100-fold greater than the Kg. In practice, at least a 100- 
fold excess over the concentration of the radioactive ligand is usually 
sufficient. 


. Add about 1-2.5 x 10® counts/min (c.p.m.) of [??P]Mu-IFN-y to the first 


tube of each set and make 2-fold serial dilutions. Gently resuspend the 
cells every 15 min. 


. Following incubation at 22—24°C for 70—90 min, layer an aliquot of 


50 pl (in duplicate) from each tube over a 0.35 ml cushion of 5-10% 
(w/v) sucrose in PBS in a long 0.4 ml polypropylene microcentrifuge 
tube. 


. Centrifuge the tubes for 2 min at about 11000 r.p.m. in a horizontal 


rotor (e.g. Brinkmann model 5413 centrifuge). 


. Freeze tubes in liquid nitrogen and cut off the tips containing the cell 


pellets with cutting pliers. 


. Determine the radioactivity of the tips (bound c.p.m.) and the rest of 


the tube (free c.p.m.) in a liquid scintillation counter. Define specific 
binding as the difference between binding in the absence (total bind- 
ing) and binding in the presence (non-specific binding) of excess un- 
labelled IFN. 


A typical plot of bound c.p.m. versus free c.p.m. is shown in Figure 1. 
Transformation of the data according to the method of Scatchard (28) should 
give rise to a Straight line when bound c.p.m./free c.p.m. is plotted versus 
bound c.p.m. (Figure 2). By converting the bound c.p.m. on the abscissa into 


a molar quantity of IFN bound, the slope of the plot is then equal to —(Kq)~"*. 


By determining the intercept on the abscissa in c.p.m., converting it to the 
number of molecules of IFN from the specific radioactivity of the [??P|Mu- 
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| 32P| Mu -IFN- Y Bound 
(c.p.m.x10°3) 





O I1 2 3 4 5 6 7 8 
[32p|Mu -IFN - y Free (c.p.m.x10*) 


Figure 1. Concentration dependence of [??P]Mu-IFN-y binding to mouse L cells. Binding 
to L cells (an adherent cell line) was carried out as described in Protocol 2 and bound 
c.p.m. were plotted versus free c.p.m. for total binding (©), non-specific binding (A), and 
the calculated specific binding (¢, i.e., total minus non-specific binding). The data are 
taken from Langer et al. (18) with permission. 


© 
— 
O 


BOUND/FREE 


O l 2 3 4 5 6 
[32p] Mu -IFN - Y Bound (c.p.m. x10-3) 
Figure 2. Scatchard analysis of binding data. The data for specific binding from Figure 1 
were plotted according to the method of Scatchard (28). The slope of the resulting straight 
line is related to the Ky of the ligand-receptor interaction and the intercept on the abscissa 
is related to the number of receptors per cell. For L cells, several experiments gave a 
range of 3.0-6.9 x 1071? M for the Ky and 6.0-16 x 10? receptors per cell. The data are 
taken from Langer et al. (18) with permission. 


IFN-y, and dividing by the number of cells in the 50 ul sample analysed, one 
can estimate the number of IFN receptors per cell. 


2.4 Binding of [°°P]Mu-IFN-y to X. laevis oocytes 


The procedures for microinjecting RNA into frog oocytes as well as the 
binding assay have already been described in detail (24). Only the protocol 
for the binding assay will be repeated here for the sake of completeness. 


81 


Thomas M. Mariano et al. 





Protocol 3. Binding of [°?P]Mu-IFN-y to X. laevis oocytes 


Equipment and reagents 


e Large X. laevis females (NASCO) e Unlabelled Mu-IFN-y 

e 5 ml polypropylene tubes e Rotary shaker 

e 0.5 x Leibovitz L-15 medium, pH 7.6 e 1.5 ml polypropylene tubes 
®@ 
@ 


e Binding solution: 0.5 x Leibovitz L-15 Bray’s solution (National Diagnostics) 
medium (Life Technologies), 1 mg/ml Ultrasonic processor (model W-375, Heat 


bovine serum albumin, 5 x 10° c.p.m. Systems Inc.) 
[°?P]Mu-IFN-y e RNA 
Method 


1. Incubate injected oocytes at 18°C for about 48 h. Place 10 oocytes (in 
duplicate or triplicate) in each 5 ml polypropylene tube in 200 wl of 
binding solution. Another tube contains 10 oocytes, 200 wl of the same 
radioactive binding solution, and, in addition, 0.1 wg of unlabelled Mu- 
IFN-y as competitor. Clarify the binding solutions by centrifugation or 
filtration prior to use. 


2. Incubate the oocytes at room temperature on a rotary shaker for 90 min. 


3. Wash the oocytes three times with 3 ml of ice-cold 0.5 x L-15 medium. 
Washing consists of adding the medium, allowing the oocytes to settle 
to the bottom of the tube, and then carefully aspirating the supernatant. 


4. Transfer the oocytes to 1.5 ml polypropylene tubes and add 1 ml of 
Bray’s solution (National Diagnostics). 


5. Disrupt the oocytes in an ultrasonic processor (Model W-375, Heat 
Systems, Inc.) and measure the associated radioactivity in a liquid 
scintillation counter (see an example of results in Table 1). 


2.5 Covalent cross-linking of [°“P]Mu-IFN-y to cells and 
oocytes 


Protocol 4. Covalent cross-linking of [°7P]Mu-IFN-y to cells and 


oocytes 





Equipment and reagents 


e Large X. Laevis females (NASCO) e Disuccinimidyl suberate (DSS, Pierce) pre- 
o [°2P]Mu-IFN-y (see Protocol 2) pared fresh at 18.3 mg/ml (50 mM) in 
e Unlabelled Mu-lFN-y dimethylsulfoxide 

e 0.5 x Leibovitz L-15, pH 7.6 e 1M Tris-HCI, pH 7.5 


e Triton X-100 


° ae e EDTA 

° otary y er e SDS-polyacrylamide gel electrophoresis 
e Microcentrifuge system 

e PBS e Autoradiography system 
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Method 


1. 


Resuspend tissue culture cells in medium at a density of 5 x 10°/ml. 
Add about 10° c.p.m. of [?*P]Mu-IFN-y, with or without 1 wg of unlabelled 
Mu-IFN-y as competitor, to 0.3 ml of the cell suspension. For cross- 
linking to the receptor expressed in oocytes, inject with RNA, and, after 
about 48 h, place 50 oocytes in 800 pl of 0.5 x Leibovitz’s L-15 medium 
to which is added about 6 x 10° c.p.m. of [2P]Mu-IFN-y, with or 
without 0.6 wg of unlabelled Mu-IFN-y. 


. Allow binding to proceed for 90 min at room temperature. Gently 


resuspend cells every 15 min; incubate oocytes on a rotary shaker. 


. Centrifuge cells at 15000 g for 20 sec in a microcentrifuge, wash twice 


with 1 ml of cold PBS, and finally resuspend in 500 wl of PBS. Wash 
oocytes three times with cold 0.5 x L-15 medium, three times with cold 
PBS, and finally resuspend in 800 wl of PBS. 


. Initiate covalent cross-linking by the addition of DSS to a final concen- 


tration of 0.5 mM (5 wl of 50 mM DSS per 500 pl of PBS). 


. After 20 min on ice, quench the reactions for 5 min on ice by the 


addition of Tris-HCI, pH 7.5, to a final concentration of 20 mM (10 ul 
of 1 M Tris-HCI, pH 7.5, per 500 wl of PBS). 


. Pellet cells and extract with 120 wl of PBS containing 0.5% (v/v) Triton 


X-100 and 5 mM EDTA. Allow oocytes to settle, carefully remove the 
supernatant, and extract the oocytes with 240 wl of the Triton X-100 
solution. 


. After 20 min on ice, sediment insoluble material at 15000 g for 10 min 


at 4°C. 


. Analyse the supernatants by SDS-polyacrylamide gel electrophoresis 


(29). Dry gel and subject to autoradiography with an intensifying 
screen. 


The cross-linked [°*P]Mu-IFN-y-receptor complex (Figure 3) is seen as a 


broad band of about 105-115 kDa. The monomeric and dimeric forms 
of [°*P]Mu-IFN-y can also be seen if a gradient gel system is used. It is 
noteworthy that the IFN-y receptors are heavily glycosylated with about 
25-30% of the mass of the receptor consisting of carbohydrate (30, 31). 
The cross-linking data presented show that the receptor protein synthesized 


in oocytes is glycosylated to an extent similar to that seen on intact cells. 


However, it should also be noted that the glycosylation process in different 


cell types may vary somewhat and this could give rise to slightly different 


banding patterns when the cross-linked ligand-receptor complex is analysed 


on gels. 
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Table 1. Binding of [??P]Mu-IFN-y to cells and oocytes 
[32P)Mu-IFN-y bound (c.p.m.) 


Cell type ee SS ea S Ratio 
+ — (—/+) 
ABPL4 cell 1608 57 720 35.9 
HL60 cells 1536 984 0.6 
Injected oocytes 157 3000 19.0 
Uninjected oocytes 285 312 1.1 
Buffer-injected oocytes 178 211 1.2 


The data in the table are expressed as c.p.m./1.5 x 10ê cells or c.p.m./10 oocytes. Cells or oocytes 
injected with ABPL4 mRNA (25 ng/oocyte) were incubated with [°?P]Mu-IFN-y with (+) or without (—) 
unlabelled competitor Mu-IFN-y as described in Protocols 2 and 3. The results of a typical experiment 
are given for mouse ABPL4 and human HL60 cells which were used as positive and negative controls, 
respectively, for the binding reaction. Values for a typical experiment with uninjected and buffer- 
injected oocytes are also shown. All values for the oocytes represent the average of duplicate or 
triplicate determinations. The ratio (—/+) represents the c.p.m. bound in the absence to that in the 
presence of unlabelled competitor Mu-IFN-y. The data were taken from Kumar et al. (24) with permission. 
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Figure 3. Covalent cross-linking of [°*P]Mu-IFN-y to receptors on cells and oocytes. 
[72P]Mu-IFN-y was cross-linked to murine ABPL4 cells (suspension cells), human HL60 
cells (suspension cells), or X. laevis oocytes injected with mRNA (25 ng/oocyte) from 
ABPL4 cells as described in Protocol 4. The detergent extracts were analysed on a 7.5 to 
15% linear SDS-polyacrylamide gel. The binding reactions were carried out in the absence 
(—) or presence (+) of excess unlabelled Mu-IFN-y. Positions of '4C-labelled molecular 
weight markers are indicated on the far left side of the figure. Molecular masses are 
expressed in kDa. The position of the broad 105-115 kDa [2P]Mu-IFN-y—receptor complex 
is marked with an arrow. Since the wells for the oocyte (—) and ABPL4 cell (—) contained 
about the same c.p.m., it is evident that the cross-linking reaction is more efficient on the 
ABPL4 cells than on oocytes. Human HL60 cells served as a negative control. The figure 
is reproduced from Kumar et al. (24) with permission. 
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3. Cloning of the Mu-IFN-y receptor (Mu-IFN-yR) 


3.1 Introduction 


By examining the binding and cross-linking patterns of **P-labelled Hu-IFN- 
y to panels of mouse-human and hamster-human somatic cell hybrids, and 
Mu-IFN-y to hamster-mouse hybrids, the Hu- and Mu-IFN-yR genes were 
localized to human chromosome 6q (16) and mouse chromosome 10 (13), 
respectively. During these studies, it was observed that the human and mouse 
homologues for the myb proto-oncogene are localized to the same chromo- 
somes as those encoding the IFN-yR genes (32, 33). Since the IFN-yR and 
myb genes were genetically linked, we tested several mouse plasmacytoid 
lymphosarcoma cell lines for their ability to bind [°*P|Mu-IFN-y. These cell 
lines, established from BALB/c mice injected with Abelson virus, exhibit 
enhanced transcription of myb sequences. We felt that, if the linkage between 
the two genes was close enough, the Mu-IFN-yR gene might also experience 
increased transcription and, hence, increased translation of Mu-IFN-yR. One 
cell line, designated ABPL4, did express five- to ten-fold more receptors than 
any other mouse cell we had previously tested. 

The ABPL4 cells were therefore used as a source of Mu-IFN-yR mRNA 
to construct a cDNA library. We then proceeded to use the oocyte assay 
system to clone the Mu-IFN-yR from the ABPL4 library by hybrid selection 
(34), hybrid-arrested translation (35), and direct expression of RNA trans- 
cripts prepared in vitro from pools of the cDNA library. As the experi- 
ments were progressing, the isolation of a cDNA clone for the Hu-IFN-yR 
was reported (36). We therefore isolated a Hu-IFN-yR cDNA clone by using 
the polymerase chain reaction (PCR). The human clone was then used as a 
probe to screen the ABPL4 library and identify cDNAs for the Mu-IFN-yR 
25). 


3.2 Procedures for isolating the Mu-IFN-yR cDNA 


The procedures for isolating the Mu-IFN-yR cDNA have already been de- 
scribed in detail (25) and will only be highlighted here: 


(a) RNA was isolated from human Raji or mouse ABPL4 cells by a guanidine 
isothiocyanate extraction method (37) and polyadenylated mRNA was 
purified by two cycles of chromatography on oligo(dT)-cellulose (38). 

(b) The cDNA encoding the Hu-IFN-yR was isolated by PCR and cloned 
into pCK1, a modified pGEM vector (25), and was used to screen an 
ABPL4 cDNA library prepared as described in the following sections. 

(c) The ABPL4 polyadenylated mRNA was fractionated on a 5-20% sucrose 
gradient as described (39). Fractions of 1 ml were collected and the RNA 
was precipitated with ethanol three times, washed, dried, and dissolved 
in sterile water. 
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(d) The RNA from each fraction was microinjected into oocytes as reported 
elsewhere (24) and binding with [°*P]Mu-IFN-y was examined about 
48 h later as described in Protocol 3. 


(e) The fraction exhibiting the highest receptor activity was used to prepare 
a cDNA library in the \GEM2 vector (Promega). 


(f) Initially, 10 positive clones were identified that hybridized strongly to the 
Hu-IFN-yR probe (plasmid pHuIFN-yR8). These clones were then 
hybridized to DNA fragments which represented the binding, transmem- 
brane, and cytoplasmic domains of the Hu-IJFN-yR. Three clones that 
hybridized strongly to all three human probes were further characterized. 


(g) Various fragments from the isolated clones were then subcloned into 
M13mp18 and M13mp19 vectors. 


(h) Both strands of the largest CDNA (AMuIFN-yR4) were sequenced by the 
dideoxy chain termination method with Sequenase 2.0. Figure 4 shows a 
comparison between the Mu- and Hu-IFN-yR sequences at the protein 
level. 


(i) The insert of MMuIFN-yR4 was subcloned into vector pCK1 (25). The 
resulting subclone, pMuIFN-yR36, was linearized and in vitro transcription 
was carried out with the translation cap analogue 7-methyl-G(5’)ppp(5’)G 
to increase translation of the RNA after microinjection into frog oocytes. 
The binding of [°*P]Mu-IFN-y to oocytes injected with sense or anti- 
sense Mu-IFN-yR RNA is summarized in Table 2. 


Cross-linking of [°?P]Mu-IFN-y to oocytes injected with the receptor RNA 
indicated that the size of the major cross-linked band is about 105-115 kDa, 
the same as that seen by cross-linking to intact ABPL4 cells. 


4. Cloning functional type I and II interferon 
receptors 


Functional receptors for the type I (IFN-a, IFN-B and IFN-w) and type II 
(IFN-y) interferon receptors have recently been obtained. As noted above, 
the IFN-y receptor was required for binding IFN-y to cells (16), but alone 
was not sufficient for activity. Another component we designated an accessory 
factor (AF-1) encoded on human chromosome 21 was required (10-12). The 
gene (40, 41) and cDNA (42) for human AF-1 were cloned. AF-1 is required 
for signal transduction, but not for IFN-y binding (40-42); it is a member of 
the class 2 cytokine receptor family of transmembrane proteins (42). A clone 
for mouse AF-1 has also been identified (43). Thus, the IFN-y receptor 
consists of at least two components: the ligand binding chain (Hu-IFN-yR) 
and the accessory chain, AF-1. It is possible that more than one accessory 
chain exists in the case of the human IFN-yR (41). 

The isolation of the gene for AF-1 was undertaken through a new tech- 
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HOMOLOGY BETWEEN MOUSE AND HUMAN 
INTERFERON GAMMA RECEPTORS 
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Figure 4. Comparison between the murine and human |IFN-y receptor sequences at the 
protein level. The first and second sequences represent the murine and human amino 
acid sequences, respectively. There is 49.5% homology in the extracellular domain (murine 
residues 28-254), 52% homology in the transmembrane domain (residues 255—277), and 
54% homology in the cytoplasmic domain (residues 278—477} between the murine and 
human proteins. The residues enclosed within the darkened boxes at the beginning and 
middle of the sequences represent the putative signal peptide and transmembrane 
domains, respectively. The figure is reproduced from Kumar et al. (24) with permission. 


nology for screening large segments of the human genome in yeast artificial 
chromosomes (YACs) into which mammalian selectable markers were intro- 
duced (40-42, 44, 45). As this was successful in localizing the gene for AF- 
1, we applied this same technology to identify a functional type I receptor. 
A YAC was identified that contained genes encoding the type I receptor 
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Table 2. Binding of [°*P]Mu-IFN-y to oocytes injected with RNA transcribed in vitro from 
the Mu-lFN-y receptor cDNA 


RNA Concentration of [?2P]Mu-lFN-y Ratio 
unlabelled Mu- or Hu- bound (c.p.m.) (—/+) 
IFN-y (competitor) 
Sense RNA None 3180 
(pMulFN-yR36)(0.05 ng/oocyte) (3.1 x 107? M) (Mu) 647 4.9 
(3.1 x 1078 M) (Mu) 243 13.1 
(1.6 x 1077 M) (Mu) 176 18.0 
(3.1 x 1077 M) (Mu) 122 26.0 
(3.4 x 1077 M) (Hu) 3130 1.0 
Sense RNA None 18080 
(pMulFN-yR36)(10 ng/oocyte) (3.1 x 107? M) (Mu) 14550 1.2 
(3.1 x 1078 M) (Mu) 4470 4.0 
(1.6 x 1077 M) (Mu) 2384 7.6 
(3.1 x 1077 M) (Mu) 1850 9.8 
(3.4 x 1077 M) (Hu) 19580 0.9 
Anti-sense RNA None 106 
(pMulFN-yR36)(10 ng/oocyte) (3.1 x 1077 M) (Mu) 120 0.9 
None None 115 
(3.1 x 1077 M) (Mu) 112 1.0 


The data in the table are expressed as c.p.m./10 oocytes. Oocytes injected with RNA transcribed in 
vitro from the murine receptor cDNA clone (pMulFN-yR36) were incubated with [°*P]Mu-IFN-y without 
(—) unlabelled competitor or with increasing amounts of unlabelled (+) competitor as given in paren- 
theses. Details are given in Protocol 3. All values represent the average of duplicate determinations. 
The ratio (—/+) represents the c.p.m. of [°2P]Mu-IFN-y bound in the absence to that in the presence 
of unlabelled competitor. The data are reproduced from Kumar et al. (25) with permission. 


complex (46). Furthermore, by deleting one known gene, Hu-IFN-aR1 (47), 
within the YAC, we demonstrated that this gene was an essential component 
of the type I interferon receptor complex (48). There are additional genes on 
this YAC clone (46, 48) that contribute to binding of type I interferons and 
to functional activation of the receptor. 


5. Concluding remarks 


The binding and/or cross-linking procedures outlined here may require modi- 
fication when applied to other ligand-receptor systems. In our experience, 
we have not detected any significant differences in the cross-linked bands 
from suspension and adherent cell lines. This indicates that the JFN-yR is 
relatively insensitive to the trypsin treatment used to release adherent cells 
from the tissue culture substrates. If other receptors are found to be degraded 
by treatment with trypsin, it may be necessary to do the binding and cross- 
linking procedures directly in the tissue culture plates or one can release 
adherent cells with PBS containing 5 mM EDTA and proceed as described 
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for trypsin-released cells. For binding studies, the bound radioactivity can be 
determined after lysing the cells in tissue culture dishes with 1 N NaOH. 
Similarly, in a cross-linking experiment, the detergent extraction would be 
done in the plate and the supernatant after centrifugation would be analysed 
by SDS-polyacrylamide gel electrophoresis. 

The phosphorylation of interferons as described in this chapter enables 
proteins to be radiolabelled to very high specific activities. Although Mu- and 
Hu-IFN-y have intrinsic site(s) for phosphorylation, genetic engineering pro- 
cedures were used to extend the labelling method to other proteins (21-23). 
The **P-labelled IFNs described in this chapter allowed us to set up a very 
sensitive expression and detection system in X. laevis oocytes. The assay 
system was also used to evaluate different tissues and cell lines for their 
content of receptor RNA as a prelude to cloning the IFN-y receptor. These 
procedures are being used to define the activity and function of cloned 
receptors in heterologous cells. Furthermore, the **P-labelled ligands have 
been used to study binding to purified soluble receptors in a convenient and 
sensitive dot blot assay (49-51). 
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Measurement of cytokine induction 
of PC-specific phospholipase C and 
sphingomyelinases 


STEFAN SCHUTZE and MARTIN KRONKE 


Cytokines play a vital role as mediators of intercellular communication within 
the immune system. One of the hallmarks of cytokine function is the marked 
redundancy of biological activities. The overlapping biological functions of 
TNF/IL-1 and GM-CSF/IL-3 are just two examples. The redundancy of 
cytokine activities may be based on the utilization of shared key components 
of intracellular signalling pathways. The principal architecture of major 
signalling pathways used by cytokines consists of series of proteins including 
G-proteins, second messenger generating enzymes, protein kinases, and 
phosphatases. Receptor-mediated hydrolysis of cellular phospholipids by 
phospholipases of distinct specificities (PLA, PLC, PLD, SMase) is a 
ubiquitous event of central importance in cellular signalling. Activation of 
these enzymes results in generation of early second messenger molecules 
which further transduce receptor signals to cytoplasmic target proteins. Since 
multiple intracellular targets exist for a given second messenger, the cytokine 
signal may branch off to more complex and diversified signals. 

In this chapter, we focus on the phospholipase C and sphingomyelin sys- 
tem, generating two distinct early lipid second messenger molecules, 1,2- 
diacylglycerol (DAG) and ceramide, respectively. 

Evidence has accumulated in recent years (see (1) for review) that many 
cytokines (IL-1, TNF, IL-3, CSF-1, PDGF, EGF, HGF, EPO, and IFNs) 
after binding to their cell surface receptors elicit intracellular responses by 
activating phosphatidylcholine-specific phospholipase C (PC-PLC). The func- 
tional significance of PC-PLC can be explained by the generation of the lipid 
second messenger diacylglycerol (DAG), a potent activator of protein kinase 
C (see (2) for review) and acidic sphingomyelinase (3-5). Contrary to the 
widespread occurrence of PC-PLC, the physiological role of this phospholipase 
for cell growth and differentiation is just beginning to be understood. 

In general, several mechanisms may be responsible for agonist-induced 
formation of diacylglycerol (DAG) (see Figure 1). One extensively studied 
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Ptdins (4,5) Po 
Receptor ——> Ptains-PLCC 
Ins (1,4,5) P3 + 1,2-DAG 


PC 


Receptor ——> PC-PLC d 
P-Choline + 1,2-DAG 


PC 
Receptor ———»> PC-PLD 


ey Choline + PA —> ne —-» 1,2-DAG 


Figure 1. Pathways of diacylglycerol generation. 


class of phospholipases C act on phosphatidylinositol-4,5-bisphosphate (PIP2) 
to generate DAG and inositol-1,4,5-trisphosphate (IP3). Another distinct 
phospholipase C species acts exclusively on phosphatidylcholine (PC), the 
most abundant phospholipid species of mammalian membranes, which results 
in the production of DAG and phosphorylcholine (Pchol). A further pathway 
to generate DAG involves PC cleavage by a phospholipase D (PLD) generat- 
ing phosphatidic acid (PA), which can be subsequently converted to DAG 
by PA-phosphohydrolase. 

Since the second messenger molecule DAG generated by these different 
pathways is apparently linked to different biological functions (see (1, 6) for 
review), it is important to discriminate between the phospholipases involved. 

In addition to the lipid second messenger molecule DAG, the sphingolipid- 
derived second messenger ceramide has been recently implied in various 
important pathways of TNF and IL-1 (see (7, 8) for review). Ceramide can 
be generated from sphingomyelin (SM) hydrolysis (Figure 2) by two types of 
TNF-responsive SMases with neutral and acidic pH optima, respectively (see 
(9, 10) for review). 

The metabolic active cleavage product of SMase, ceramide, is recognized 
as a novel multifunctional lipid second messenger, capable of inducing 
various signalling systems. 

Acidic, endosomal SMase has been implicated in transducing TNF signals 
to the cell nucleus via activation of the nuclear transcription factor NF-KB 
(5). In addition to acidic SMase, a distinct, plasma membrane SMase with a 
neutral pH-optimum is stimulated by TNF (11-13) or IL-1 (14). Neutral 
SMase-derived ceramide triggers the activation of a protein kinase (11, 15) 
which couple the TNF and IL-1 signals to the MAP-kinase cascade. A further 
ceramide target is a cytosolic phosphatase, whose role in TNF signal transduc- 
tion remains to elucidated (16). 

In this chapter methods are described for the detection of agonist-induced 
activation of PC-PLC and SMases and production of the lipid second messen- 
gers 1,2-DAG and ceramide, respectively. 
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Figure 2. Generation of ceramide from sphingomyelin cleavage. 


1. Phosphatidylcholine-specific phospholipase C 


In general, cytokine activation of PC-PLC in whole cells can be monitored 
by estimating increments in the total amounts of the cleavage products, 1,2- 
diacylglycerol (DAG) and phosphorylcholine (Pchol) and by estimating the 
concomitant substrate degradation, i.e. the reduction of phospatidylcholine 
(PC). However, several problems have to be addressed: first, DAG-production 
can also result from cleavage of other phospholipid sources (PIP2, PE) or 
from dephosphorylation of phosphatidic acid (PA) (Figure 1); second, the 
other cleavage product, Pchol, can also be produced by sphingomyelinase- 
(SMase-) mediated cleavage of sphingomyelin (SM) (Figure 2) or by phos- 
phorylation of choline by choline-kinase; third, attempts of measuring 
changes in total mass of PC do not make sense, because PC is the major 
phospholipid component of cell membranes and the amount of PC cleaved 
in response to cytokines will be relatively minor compared to the overall 
concentration. 


1.1 Detection of 1,2-DAG production from PC in 
metabolically labelled cells 


Several methods have been successfully used to document changes in DAG 
levels in haematopoietic cells: first, by total mass analysis of dried organic 
extracts performed either by capillary gas chromatography (17), or by high 
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performance liquid chromatography (HPLC) (18). DAG mass levels can also 
be estimated by phosphorylation of neutral lipid extracts employing DAG- 
kinase from E. coli and [y P]ATP (19). This assay system is commercially 
available (Amersham). This method, however, suffers from lack of internal 
controls to estimate effects of the preparation procedure on the yield of DAG 
isolated. A second method is based on metabolically labelling of the PC-pools 
of the cells using as precursor [*H]glycerol (20), [*?H]myristic acid (21), 
1-[PH]alkyl-2-lyso-glycero-3-phosphatidylcholine (22) or 1-['*C]palmitoyl-2- 
lyso-3-phosphatidylcholine (23). Radiolabelled DAG is subsequently 
analysed after extraction of neutral lipids by high performance thin layer 
chromatography (HPTLC). This method allows a considerable number of 
samples to be processed and the total material applied on TLC can be 
controlled (cholesterol or triglycerols as internal standards for neutral lipids 
extracted). In the following section, DAG-analysis will be described in cells 
labelled with 1-['*C]palmitoyl-2-lyso-3-phosphatidylcholine. 

This approach is based on a rather selective labelling of PC and on the view 
that agonist-induced PC-cleavage is believed to occur on specific, hormone- 
sensitive pools (24). 


Protocol 1. Metabolic cell labelling for detection of 1,2-DAG and 
cell stimulation 


Equipment and reagents 


e Hank's balanced salt solution (HBSS) e Methanol 
e Serum-free growth medium e Dry ice 
e Bovine serum albumin e Microcentrifuge 


e 1-['*C]palmitoyl-2-lyso-3-phosphatidylcho- 
line (56.8 mCi/mmol, Amersham) 


Method 


N.B. Growth factors present in fetal calf serum will influence basal DAG- 
levels. We therefore recommend to serum-starve the cells for 4 h prior to 
stimulation with agonists. 


1. Wash cultured cells at least three times in Hank’s balanced salt solution 
(HBSS) and recultivate in serum-free growth medium, supplemented 
with 2% bovine serum albumin (BSA) for 4 h. 


2. After 2 h culture in serum-free medium, add 1-['*C]palmitoyl-2-lyso-3- 
phosphatidylcholine 1 pCi/ml. 


3. After 2 h of labelling (total time 4 h serum-free culture), wash cells 
with HBSS and resuspend to 10’ cells/ml for subsequent agonist 
stimulation. 


4. Treat aliquots of 0.5 ml cell suspensions (1 x 107” cells/ml) with the 
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agonist of choice for various periods of time at 37°C. Treatments are 
stopped by immersion of the sample tubes in methanol/dry ice for 10 
sec followed by centrifugation at 4°C in a microcentrifuge. 


5. Discard supernatants and resuspend cell pellets in 1 ml cold methanol. 





1.1.1 Lipid extraction 

Two procedures are described which either allow for separation of neutral 
lipids, phospholipids and water soluble components according to the method 
of Bligh and Dyer (25) (Protocol 2), or a more rapid procedure, which 
separates only an organic phase from the aqueous phase without separation of 
neutral and phospholipids (Section 1.1.2). 


Protocol 2. Lipid extraction 


Equipment and reagents 


e Methanol e Vortex mixer 
e Chloroform e Hexane 
e 10 mi glass tubes e Nitrogen gas 


e Waterbath sonicator 


Method 
1. Transfer samples that have been resuspended in 1 ml methanol to 
10 ml glass-tubes containing 1 ml H20 and 1.5 ml methanol. Sonicate 
tubes for 5 min in a waterbath sonicator. 


2. Add 1.25 ml chloroform, briefly vortex and centrifuge for 10 min at 
6000 g. 

3. Save supernatants in new glass vials. Resuspend pellets in 1 ml H20, 
2.5 ml methanol, 1.25 ml chloroform. Repeat sonication for 5 min and 
centrifugation for 5 min, 4000 g. 

4. Add supernatant to first supernatant, add 2.5 ml H20 and 2.5 ml 
chloroform to the combined supernatants, vortex, and centrifuge for 
phase-separation for 5 min at 4000 g. 


5. Transfer and save the lower organic phase in new glass vials. Add 
4 ml chloroform to the residual aqueous phase, mix, centrifuge for 
phase separation as above, and combine the lower, organic phase 
with the first. 


6. Dry down the chloroform-phases under nitrogen. 


7. Resuspend the dried samples for separation of neutral lipids and 
phospholipids in 4 ml hexane/3 ml methanol, mix, centrifuge as 
above for phase separation. The methanol phase contains phospholi- 

| pids, the hexane phase contains neutral lipids. | 
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Protocol 2. Continued 


8. Transfer and safe-lower methanol phase into new glass vials, add 3 ml 
methanol and 2 ml hexane to the first residual hexane phase, mix, 
centrifuge for phase separation. 


9. Transfer lower methanol phase to the first from step 8, repeat metha- 
nol washing of the hexane phase two more times. 


10. Dry down separated methanol and hexane fractions under nitrogen. 


11. Resuspend phospholipids from the methanol fraction and neutral 
lipids from the hexane fraction in 50 wl of chloroform/methanol (9:1) 
for TLC-analysis. 





1.1.2 Rapid lipid extraction 


In some cases, a separation of neutral and phospholipids by hexane/methanol 
extraction prior to TLC-analysis of DAG or phospholipids, respectively, can 
be omitted, because the solvent systems adopted for TLC-analysis of DAG 
and PL will also separate the two lipid fractions. If suitable for your purpose, 
follow steps 1-6 of Protocol 2 and take the dried chloroform phase containing 
total lipids for TLC-separation analysis. 


Protocol 3. Thin-layer chromatography for detection of 1,2-DAG 


Equipment and reagents 


e HPTLC silica gel 60 plates (Merck) e Kodak XAR-films 
e Methanol! e Laser densitometry or liquid scintillation 
e Chloroform counting system 
e Benzene/ethylacetate (6.5:3.5) or other œ% lodine vapour, charring densitometry 
appropriate solvent system (see step 3) system (see Protocol 6), or Coomassie blue 
e Standards: 1,2-DAG, 1,3-DAG, MAG, TG, 
cholesterol 
Method 


High-performance thin-layer chromatography has been used extensively 
to characterize lipid metabolites. 


1. Pre-run the plates in a solvent system composed of methanol/ 
chloroform (1:1). 


2. Dry the plates at 80°C for 30 min. 


3. Pre-equilibrate the TLC-chambers for 1 h at room temperature with the 
solvent system to be used for lipid separation. For detection of 1,2-DAG, 
separate neutral lipids using a solvent system of benzene/ethylacetate 
(6.5/3.5). 


4. Resuspend the dried samples in 50 wl chloroform/methanol (9:1) and 
spot the samples on the HPTLC plate in strips of 5-8 mm for each 
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sample about 2 cm from the base of the plate. Allow to dry. Load 
samples containing equal amounts of radioactivity. Use 1,2-DAG, 1,3- 
DAG, MAG, TG and cholesterol as standards. 

5. Place TLC-plate into the chamber and allow the plates to develop at 
room temperature until the front is within 1 cm from the top. 

6. Dry the plates, and expose to Kodak XAR-films at room temperature. 

7. Autoradiographs can be analysed by two-dimensional scanning using 
laser-densitometry. Alternatively, the corresponding spots can be 
scraped off the plates and radioactivity is determined in a scintillation 
counter. A typical distribution of neutral lipids is given in Figure 3A. 


Lipid standards can be visualized either by exposure to iodine vapour, by 
charring densitometry (26) (see Protocol 6), or by Coomassie-staining (27) 


(see Section 2.1.4). 





1.2 Analysis of phosphatidylcholine (PC) 


In contrast to labelling at equilibrium with ‘*C-choline for 48 h, the rather 
selective labelling with lyso-PC for 2 h of agonist-sensitive PC-pools will more 
readily allow the detection of cytokine-induced changes in PC (23). 


1.2.1 Metabolic labelling, cell stimulation, and extraction of PC 
Agonist-induced changes in membrane PC-content can be monitored after 
short-term labelling with lyso-PC as described for detection of 1,2-DAG 
(Protocol 1). 

Follow Protocol I for radioactive labelling and cell stimulation. Instead 
of 1-['*C]palmitoyl-2-lyso-3-phosphatidylcholine, also L-lyso-3-phosphatidyl 
[methyl'*C]choline (1 pCi/ml, 22 mCi/mmol) can be used, revealing similar 
results (23). Extract phospholipids according to Protocol 2. The dried methanol 
phase is used as source for PC-analysis by TLC. Alternatively, follow Protocol 3 
and use the whole organic phase for TLC-analysis. 


1.2.2 Thin-layer chromatography for detection of PC 

After preparation of the silica 60 TLC-plates and equilibration of the cham- 
bers with the solvent according to Protocol 3, resolve the dried samples 
in chloroform/methanol (9:1), and spot on the TLC-plates. Separate phos- 
pholipids containing PC in a solvent system containing (CHCl3/CH3;0H/ 
CH3COOH/H,0) (100:60:20:5). Use lyso-PC, PC, PE, PI, PA and SM as 
standards and visualize by iodine vapour, Coomassie staining or charring 
densitometry (see Protocol 6 and Section 2.1.4). Examine radiolabelled phos- 
pholipids by autoradiography followed by 2-D laser scanning. Spots can also 
be scraped-off followed by liquid scintillation counting. A typical distribution 
of phospholipids labelled with 1-['*C] palmitoyl-2-lyso-3-phosphatidylcholine 
is presented in Figure 3B. 
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1.3 Detection of phosphorylcholine (Pchol) 


The second cleavage product of PC-PLC, phosphorylcholine can be detected 
after radiolabelling of cells with either [methyl’*C]choline or lyso- 
phosphatidyl-[methyl'*C]choline. Cells should also be kept serum starved for 
4h prior to stimulation with agonists. 


1.3.1 Metabolic labelling for detection of Pchol 


For detection of water-soluble choline metabolites, label cells with [methyl'*C] 
choline (1 pCi/ml, spec. act. 56.4 mCi/mmol) for 48 h. This will result in at- 
equilibrium labelling. Alternatively cells can be labelled for 2 h with L-lyso- 
3-phosphatidyl-[methyl'*C]choline (spec. act. 22 mCi/ml). 


Protocol 4. Pchol extraction 


Choline metabolites are prepared from the aqueous phase obtained fol- 
lowing Protocol 2 


Method 
1. Follow step 1—4, Protocol 2. 
2. Transfer the upper, aqueous phase to new vial. 


3. Freeze-dry samples. 


Protocol 5. Thin-layer chromatography for detection of Pchol 


Equipment and reagents 


e Methanol e Standards: phosphorylcholine, glycero- 
e TLC plates and chambers (see Protocol 3) phosphorylcholine, acetylcholine, choline 
e Solvent system: CH3;0H/0.5% NaCI/NH,OH œ Autoradiography system 


(100:100:2) 
Method 
. Resolve the freeze-dried samples in 50 wl methanol. 
. Prepare TLC-plates and TLC-chambers as described in Protocol 3. 
. Separate water-soluble components, containing Pchol on silica 60 TLC- 
plates using the solvent system CH30H/0.5% NaClI/NH,OH (100:100:2). 


Phosphorylcholine, glycerophosphorylcholine, acetylcholine, and 
choline are used as standards. 


. Evaluation of radiolabelled choline metabolites by autoradiography 
and visualization of the standards can be performed as described in 
Protocol 3. 
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1.4 Estimation of combined phospholipase D (PLD)/ 
phosphatidic acid-phosphatase (PA-Ptase) activities 
in DAG-formation 


PC-PLD activity can be monitored directly by estimating changes in its cleavage 
product phosphatidic acid (PA), or by determining the formation of labelled 
phosphatidylethanol (Peth), which is expected from PLD’s transphospha- 
tidylation activity in the presence of ethanol (28). A possible involvement of a 
combined PLD and PA-Ptase activity on DAG-formation can be tested by 
use of a PA-phosphohydrolase inhibitor, propranolol (29). 


1.4.1 Estimation of phosphatidic acid (PA) 


1. For detection of PA, label cells with 1-['*C]palmitoyl-2-lyso-3-phospha- 
tidylcholine (1 Ci/ml (spec. act. 56.8 mCi/mmol, Amersham) for 2 h as 
described in Protocol 1 for detection of DAG (Section 1.1.1). 

2. Extract phospholipids according to Section 1.1.2, following either Protocol 
2, using the dried methanol phase or according to Section 1.1.2, using the 
whole organic phase for PA-analysis by TLC, respectively. 


1.4.2 Thin-layer chromatography for detection of PA 


After preparation of the silica 60 TLC-plates using aceton as solvent, TLC- 
chambers are equilibrated with the solvent according to Protocol 3. The dried 
samples are resolved in chloroform/methanol (9:1), spot on the TLC-plates, 
and phospholipids containing PA are separated in a solvent system containing 
(CHCl;/CH30H/CH3COOH) (65:15:5). PA, PC, PI, PE, SM and lyso-PC 
are used as standards and visualized by iodine vapour, Coomassie staining or 
charring densitometry (see Protocol 6 and Section 2.1.4). Radiolabelled phos- 
pholipids are examined by autoradiography followed by 2-D laser scanning 
or liquid scintillation counting of scraped-off spots. 


1.4.3 Transphosphatidylation in the presence of ethanol 

To detect phosphatidylethanol (Peth), cells are labelled with 1-['*C]palmitoyl- 
2-lyso-3-phosphatidylcholine (1 wCi/ml (spec. act. 56.8 mCi/mmol, Amer- 
sham) for 2 h as described for the detection of PA (Section 1.4.1). Prior to 
agonist stimulation, cells are pre-incubated for 2 min with 1% ethanol. Phos- 
pholipid extraction was performed as described for PA (Section 1.4.1). For 
separation of Peth from PA and other phospholipids, TLC is performed in a 
solvent system consisting of the organic phase of ethylacetate/acetic acid/H,O 
(110:20:110). 


1.4.4 Effect of the PA-phosphatase inhibitor propranolol on 
agonist-induced DAG-production 

Cell are labelled with 1-['*C]palmitoyl-2-lyso-3-phosphatidylcholine for 2 h as 

described in Section 1.4.1 and pretreated with 200 uM propranolol for 15 

min prior to agonist-stimulation. The concentration of propranolol used for 
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inhibition of PA-phosphatase may vary depending on the cell-line employed. 
The propranolol concentration needed has thus to be determined by stimulat- 
ing the cells with 100 nM PMA for 30 min, which results in PKC-mediated 
activation of PLD (30). For estimating the effect of propranolol treatment on 
DAG-production, follow the procedures described in Section 1.1. 


1.5 Inhibitors of PC-PLC 


To evaluate biological functions of PC-PLC in cytokine signalling, a rather 
selective PC-PLC inhibitor, the xanthogenate D609 has been employed, 
originally obtained from Merz AG, Frankfurt, FRG and Drs Sauer and 
Amtmann, Heidelberg (5, 31, 32). This compound does not block PI-PLC, 
PC-PLD, PLA,, SMase, PKC, Tyr-PK, PlI-kinase (5, 33). Effective dosage 
may depend on the cell type used and the D609 charge obtained from the 
producer. Usually cells were treated with 100 pg/ml D609 for 30 min prior 
to agonist stimulation. 

D609 is now commercially available from Biomol Research Laboratories 
Inc., PA and from Molecular Probes Inc., OR. Depending on the length of 
D609 treatment, nonspecific side-effects cannot be excluded. 


2. Sphingomyelinases 


Sphingolipids constitute an important class of membrane lipid molecules. 
Sphingomyelin (SM) breakdown products have emerged in recent years as 
biological active molecules exhibiting various functions within the cell (for 
review see 8, 34, 35). SM hydrolysis catalysed by sphingomyelinases results in 
generation of ceramide (see Figure 2), a potent neutral lipid second messenger 
molecule which is implied in the activation of a plasma membrane protein 
kinase (11, 36, 37), a cytosolic protein phosphatase (16) activation of the 
nuclear transcription factor NF-«B (5, 38, 39), downregulation of the c-myc 
proto-oncogene (40) and stimulation of the cyclo-oxygenase gene (41). The 
biological responses linked to SMase activation includes growth inhibition, 
induction of monocytic differentiation, apoptosis in tumour cell-lines, and 
proliferation of fibroblasts (see (8) for review). Ceramide is further metabol- 
ized by ceramidase to sphingosine, a physiological inhibitor of protein kinase 
C (34). The cytokines TNF and IL-1 stimulate at least two different SMases, 
a neutral, plasma membrane bound (N-SMase) (11-14) and an acidic, endo- 
somal SMase (A-SMase) (5). The pleiotropic effect of ceramide in mediating 
various different biological effects may be based on the different localization 
and regulation of the two SMases (43). In addition to the membrane-bound 
N-and A-SMase, a cytosolic N-SMase was recently identified (42). 
Activation of the SM-hydrolysis pathway in whole cells can be monitored 
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either by measuring reduction in SM content in radiolabelled cells, or produc- 
tion of the cleavage products ceramide and Pchol. Ceramide can be detected 
from labelled cells by TLC or by mass analysis using DAG-kinase from E. 
coli (19). Pchol is measured as described for analysis of PC-PLC action 
(Section 1.3). Pchol can be produced by various different pathways in vivo, 
involving either PC-PLC, SMase, or choline kinase. We, therefore, use this 
cleavage product as read-out for SMase-activity only in a micellar assay 
system with defined, exogenous substrates (see Section 2.2). 


2.1 Detection of SM hydrolysis in metabolically labelled 
cells 


Hydrolysis of SM in whole cells can be measured either after radiolabel- 
ling of the SM pools, using [methyl-'C]choline for labelling the choline 
moiety of the sphingolipid, or by analysis of total SM mass by charring 
densitometry. 


2.1.1 Cell culture and metabolic labelling for analysis of SM 


For detection of SM, cells are metabolically labelled for 48 h with [methy]l- 
'4C]choline (1 pCi/ml, spec. act. 56.4 mCi/mol) in culture medium contain- 
ing FCS. Prior to agonist-stimulation, cells are washed serum-free with HBSS 
and kept serum-starved for 4 h in medium supplemented with 2% BSA as 
described in Protocol 1. Stimulation of cells is performed as described in 
Protocol 1, steps 4 and 5. 


2.1.2 SM extraction 

Cell pellets (step 5 in Protocol 1) are resuspended in cold methanol and SM 
is extracted with the methanol (phospholipid) fraction described in Section 
1.1.1, following Protocol 2. Alternatively, SM can also be resolved from total 
lipids from the chloroform fraction, see Section 1.1.2. 


2.1.3 Thin-layer chromatography for detection of SM 

Dried lipids are resolved in chloroform/methanol (9:1) and spot on to silica 
60 TLC plates, which have been pre-treated with chloroform/methanol as 
described in Protocol 3. For separation of SM from other phospholipids, 
the solvent system (CHCl;/CH;0H/CH3;COOH/H,0) (100:60:20:5) is em- 
ployed. SM, PC, PA, PI, PE, and lyso-PC are used as standards and visual- 
ized by iodine vapour, Coomassie staining or charring densitometry (see 
Protocol 6 and Section 2.1.4). Radiolabelled phospholipids are examined by 
autoradiography followed by 2-D laser scanning or by scraping off the spots 
and liquid scintillation counting. A typical resolution of '*C-SM is shown in 
Figure 3D. 
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Protocol 6. Charring densitometry 


Equipment and reagents 


ə 10% copper sulfate in aqueous phosphoric œ» Liquid scintillation counting or 2-dimen- 


acid sional laser densitometry system (Molecular 
e Oven Dynamics Personal Densitometer) 
Method 


After TLC-separation, phospholipids can be visualized and quantitated by 
charring of the plates with cupric reagent (26). 


1. Remove TLC-plates after separation of samples from the TLC chamber 
and dry the plates for 10 min at 180°C. 


2. Let the plates cool down to room temp. and expose for 15 sec to a 
solution of 10% copper sulfate in 8% aqueous phosphoric acid. 


3. Transfer the plates back to the heater and dry for 2 min at 110°C. 
4. Charring is performed at 175°C for approximately 10 min. 


5. For quantitation of SM the charred bands are scraped off the plates and 
radioactivity is determined by liquid scintillation counting. Alternatively, 
non-radioactive SM can be analysed by scanning the charred TLC plates 
by 2 dimensional laser densitometry (Molecular Dynamics Personal 
Densitometer). 


2.1.4 Coomassie staining 


After separation by TLC, lipids can be visualized by staining the plates in a 
solution of 35% methanol, 100 mM NaCl, and 0.03% Coomassie brilliant 
blue R250 (27). Plates are destained in 35% methanol, 100 mM NaCl. 


2.2 Detection of ceramide 


The neutral lipid cleavage product of SMases, ceramide, can either be 
measured by total mass analysis, employing charring densitometry of TLC- 
plates as described in Protocol 6 for analysis of SM, or by total mass deter- 
minations using DAG-kinase (12, 19). For this approach, the DAG-kinase 
assay system from Amersham Co. may be used. The third method is based 
on determination of radiolabelled ceramide isolated from metabolic labelled 
cells. 


2.2.1 Metabolic labelling 

For detection of ceramide, the SM pool of serum-starved cells are metaboli- 
cally labelled with 1-['*C]palmitoyl-2-lyso-3-phosphatidylcholine (1 pCi/ml, 
spec. act. 56.8 mCi/mmol) for 2 h as described for detection of DAG 
(Protocol 1). Stimulation of cells is performed as described in this section. 
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2.2.2 Ceramide extraction and TLC-analysis 


Cell pellets are resuspended in cold methanol and neutral lipids are extracted. 
Ceramides are recovered in the hexane fraction following the lipid extraction, 
Protocol 2. Alternatively, ceramides can also be recovered from the total lipid 
(chloroform) fraction, see Section 1.1.2. 

For separation of ceramide from other neutral lipids, dried samples are 
resolved in chloroform/methanol (9:1) and spotted on to silica 60 TLC 
plates, which have been pretreated as described in Protocol 3. For detection 
of ceramide, the solvent system (CHCl;/CH3;0H/7N NH,OH/H>,0) 
(85:15:0.5:0.5) is used. Ceramide, DAG, MAG, TG are used as standards 
and visualized by iodine vapour, Coomassie staining or charring densitometry 
(see Protocol 6 and Section 2.1.4). Radiolabelled ceramide is examined by 
autoradiography followed by 2-D laser scanning. A typical resolution of 
ceramide is shown in Figure 3C. 

The solvent systems used for separation of the various lipid metabolites is 
summarized in Table 1. 


2.3 Estimation of SMase activity in vitro 


Agonist-stimulated SMase activities can also be estimated by in vitro enzymatic 
micellar assays of detergent-solubilized SMase preparations. With this 
method, a selective estimation of neutral and acidic SMases activities can be 
performed. Acidic SMase is a rather stable enzyme and insensitive to pro- 
teolysis. Thus acidic SMase-preparations can even be frozen down and 
thawed for retaining full activity. Neutral SMase, in contrast is highly suscept- 
ible to proteolyic inactivation. Therefore, the preparation of this enzyme has 
to be performed in the presence of various inhibitors, and enzymatic assays 
should be performed on the same day. 


2.3.1 Cell stimulation 

Serum-starve cells for 4 h prior to agonist-stimulation. No radioactive label- 

ling is required. 

1. Stimulate aliquots of 0.5 ml cell suspensions (1 xX 10’ cells/ml) with the 
agonist of choice for various periods of time at 37°C. 


Table 1. Solvent systems for lipid analysis on TLC silica gel 60 


Lipid metabolite Solvent system Ratio 
1,2-diacylglycerol benzene:ethylacetate 65:35 
Ceramide CHCl3:CH30H:7N NH,OH:H2O 85:15:0.5:0.5 
Phosphorylcholine CH30H:0.5% NaCl:NH,OH 100:100:2 
Phosphatidylcholine 

Phosphatidic acid CHCl3:CH30H:CH3;COOH:H2O 100:60:20:5 
Sphingomyelin 

Phosphatidylethanol ethylacetate:CH3;COOH:H20 110:20:110 
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Figure 3. Resolution of '*C-labelled diacylglycerol (A), phosphatidylcholine (B), ceramide 
(C) and sphingomyelin (D). U937 cells were labelled either for 2 h with 1-['*C]palmitoy!- 
2-lyso-3-phosphatidylcholine (A, B, C) or for 24 h with [methy!-'*C]choline (D). Aliquots 
were left untreated (lanes 1) or were stimulated with 100 ng/ml TNF; (lanes 2) for 2 min 
(A,B,C) or 5 min (D). The lipid metabolites were isolated according to sections 1.1 (A); 1.2 
(B); 2.2 (C) or 2.1 (D) and developed on TLC using the solvent systems summarized in 
Table 1 for the respective components. 
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2. Stop treatments by immersion of the sample tubes in methanol/dry ice for 
10 sec. Follow by centrifugation at 4°C in a microcentrifuge. 


Protocol 7. Extraction of neutral SMase 


Equipment and reagents 


e Buffer: 20 mM Hepes, pH 7.4, 10 mM MgCl, PMSF, 10 M leupeptin, 10 pM pepstatin, 
2 mM EDTA, 5 mM DTT, 0.1 mM Na,VO, 0.1 750 pM ATP, 0.2% Triton X-100 
mM NazMoO,, 30 mM p-nitrophenylphos- e 18-gauge needle and syringe 


phate, 10 mM a-glycerophosphate, 1 mM 
Method 
. Dissolve cell pellets in buffer. 


. After 5 min at 5°C, homogenize cells by repeated squeezing through an 
18-gauge needle. 


. Remove cell debris and nuclei by low-speed centrifugation (800 g) for 
5 min. 


. Use the supernatants containing Triton X-100-solubilized enzymes for 
in vitro assay of agonist-stimulated N-SMase activities. 





Protocol 8. Assay for neutral SMase activity 


Equipment and reagents 


e Reaction buffer: 20 mM Hepes, pH 7.4,1 mM œ Vortex mixer 
MgCl», 2.25 wl (1 nmol) [N-methyl-'*C] e Microcentrifuge and tubes 
sphingomyelin (0.2 pCi/ml, 56.6mCi/mmol) © Liquid scintillation counting system 
e Chloroform/methanol (2:1, v/v} 


To warrant linear reactions, the amount of '*C-SM hydrolysed should not 
exceed 10% of the total amount of radioactive SM added to the assay. 


Method 


1. Add 50 wg of protein to a reaction buffer in a micro-tube in a total 
volume of 50 ul. 


2. Incubate samples for 2 h at 37°C. 


3. Stop reactions by adding 800 wl chloroform/methanol (2:1), vortex-mix 
and add 250 wl H20, vortex-mix and centrifuge 2 min full speed in a 
microcentrifuge for phase separation. 

4. 200 wl of the aqueous upper phase of each sample are analysed for 
14C-labelled Pchol by liquid scintillation counting. 
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Protocol 9. Extraction of acidic SMase 


Equipment and reagents 
e 0.2% Triton X-100 or 0.05% Nonidet P-40 e 18-gauge needle and syringe 


Method 


. Resuspend cell pellets in 200 wl 0.2% Triton X-100. Alternatively, 0.05% 
Nonidet P-40 (NP-40) can be used as detergent (42). 

. After 5 min at 5°C, homogenize cells by repeated squeezing of cells 
through an 18-gauge needle. 

. Remove cell debris and nuclei by low-speed centrifugation (800 g) for 
5 min. 


. Use the supernatants, containing Triton X-100-solubilized enzymes for 
in vitro assay of agonist-stimulated A-SMase activities. 


Protocol 10. Assay for acidic SMase 


Equipment and reagents 


Reaction buffer: 250 mM sodium acetate, e Chloroform/methanol (2:1, v/v) 
pH 5.0, 1 mM EDTA, 2.25 wl (1 nmol) [N- e Vortex mixer 


methyl-'“C]sphingomyelin (0.2 pCi/ml, e Microcentrifuge and tubes 


56.6 mCi/mmol) e Liquid scintillation counting system 


Method 


1. Add 50 pg of protein to the reaction buffer in a microcentrifuge tube 
in a total volume of 50 ul. 


2. Incubate samples for 2 h at 37°C. 


. Stop reactions by adding 800 pl chloroform/methanol (2:1), vortex-mix 
and add 250 pl H20, vortex-mix and centrifuge 2 min full-speed in a 
microcentrifuge for phase separation. 


. Analyse 200 pl of the aqueous upper phase of each sample for '4C- 
labelled Pchol by liquid scintillation counting. 
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Two-dimensional gel 
electrophoresis for purification, 
sequencing, and identification of 
cytokine-induced proteins in normal 
and malignant cells 


DIANA M. SMITH, HUU M. TRAN, and LOIS B. EPSTEIN 


1. Introduction 


Two-dimensional polyacrylamide gel electrophoresis (2D PAGE) permits 
high resolution and purification of individual proteins from complex mixtures 
of proteins. Proteins are separated first according to their charge, employing 
isoelectric focusing (IEF), and then in the second dimension, according to 
their molecular mass. 2D PAGE is unequalled in its ability to simultaneously 
resolve hundreds of proteins from cellular extracts and at the same time 
provide data on their isoelectric point (p/), molecular mass (M,), electro- 
phoretic pattern, and relative abundance (1-3). Thus, a large amount of 
global information concerning the regulatory effects of cytokines on the 
expression of multiple individual proteins can be obtained in one experiment. 

2D PAGE, computer-based analysis of gels and the more recent advances 
in protein microsequencing technologies, coupled with the capability of 
searching protein databases for homologous proteins, permits investigators 
working in the field of cytokine research to answer basic and complex ques- 
tions about the actions of these important regulatory molecules. For example, 
it is possible: 


(a) To characterize proteins whose synthesis is suppressed or enhanced by 
individual cytokines, thus identifying specific pathways of the action of a 
single cytokine or combinations of cytokines. Specific information con- 
cerning the p//M,, electrophoretic pattern, and relative abundance of 
proteins affected by cytokine treatment can be obtained. 


(b) To compare the effects of a given cytokine on different cell types. 
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(c) To identify individual proteins induced by cytokines through a particular 
type of receptor using agents that either mimic or block specific receptor- 
cytokine interactions. 


(d) To compare the effects of a given cytokine in the presence of different 
physical or external environments (i.e. heat, ionizing radiation, hormones, 
chemotherapeutic agents, antibiotics, infectious agents). 


(e) To define at the molecular level the effects of cytokines on ontogeny, 
growth or differentiation. 


(£) To define the effects of cytokines on protein modification, 1.e. glycosyla- 
tion or phosphorylation. 


(g) To isolate sufficient quantities of highly-purified cytokine-regulated pro- 
teins that are compatible with subsequent microsequencing. This tech- 
nology can be used to determine the partial amino acid sequences of such 
proteins which, when matched to that of known proteins in protein 
databases, can then be used to establish the identity of most proteins. 


(h) To develop protein databases on individual cell types examined. 


2. Preparation of cell lysates 
2.1 Samples for analytical gels 


To determine if the synthesis of proteins in the cells under study is regulated 
by treatment with a given cytokine, combinations of cytokines, or cytokines 
combined with other agents, it 1s usually necessary to label the proteins 
metabolically with radiolabelled amino acids. This permits the preparation of 
autoradiograms from the 2D gels which provide a sensitive method for the 
quantitation of the cytokine-induced effects on individual proteins. In our 
laboratory we routinely label proteins with 15 '*C-labelled amino acids. This 
allows for a more uniform incorporation of radioactivity into all de novo 
synthesized proteins as compared to labelling proteins with *°S-labelled amino 
acids. Furthermore, lysates can be stored for an indefinite period of time prior 
to the running of gels. 





Protocol 1. Preparation of cell lysates for analytical gels 


Equipment and reagents 
e Tissue culture medium +10% (v/v) serum e Sample buffer 2° 476 mM Tris-HCI, 24 mM 


+10 pg/ml gentamicin sulfate Tris-base 50 mM MgClo, 1 mg/m! DNAase I, 
e Labelling medium: medium (<2% usual (DPFF Corp., Worthington Biochemical 

contents of amino acids) + 10% dialysed Corp., New Jersey, USA), >0.25 mg/ml 

FCS + 10 pg/ml gentamicin sulfate RNAase A (RASE, Worthington Biochemical) 
e C-labelled amino acid mixture® (>1.85 © 10% trichloroacetic acid (TCA) 

GBq, CFB.25, Amersham, Illinois, USA) e Tissue culture trays (12-well, 22 mm in 
° Cytokines diameter) 


PBS + 0.1 g/litre CaCl. + 0.1 g/litre MgCl, © Pipette tips 
Sample buffer 1°: 0.3% (w/v) SDS, 200 mM œ 2 ml screw-cap microcentrifuge tubes 
DTT, 28 mM tris-HCl, 22 mM Tris-base e Wet ice 
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Dry ice e Waterbath (65°C) 

Glass filters e Freezer (—70°C) 

Scintillation cocktail and vials e Vacuum device for TCA precipitation of pro- 
Lyophilizer teins 

Microcentrifuge è B-scintillation counter 

Vortex 


Method 


1. 


10. 


Grow cells in usual tissue culture medium in 12-well tissue culture 
trays until about 80-90% confluent. Remove medium and replace 
with 0.8—1.0 ml medium containing labelled amino acids, cytokines 
and/or other agents. Omit cytokines from control wells. Set up two 
wells per treatment or control. 


. Incubate for desired amount of time (usually 6—48 h) at 37°C. Follow- 


ing treatment, chill trays on wet ice. Proceed with lysis of cells, keep- 
ing trays on ice. 

Suction-off medium and wash cells in wells rapidly three times with 
1.0 ml cold PBS. 

Add 100 pl hot sample buffer 1 (heated to 65°C in a waterbath) to cells 
in well and tilt tray to spread buffer over entire well. Wait 1 min, then 
add 10 pl sample buffer 2. 

Scrape cells off bottom of well with pipette tip and pipette solution up 
and down several times. Solution should change from very viscous 
to fluid. 


. Transfer lysate to a 2 ml screw-cap microcentrifuge tube. Lysates from 


the two wells of identical treatments can be combined in one tube. 


. Incubate the microcentrifuge tubes containing lysates for 5 min at 


65°C in a waterbath, vortex samples well, then chill on ice. 


. Pellet cellular debris by centrifugation (2000 g, 5 min) and transfer 


supernatant fluid to a new microcentrifuge tube. 

Mix samples, remove a small quantity of each and determine the 
amount of radioactivity incorporated into de novosynthesized proteins. 
Precipitate proteins by spotting 5 wl of lysates on glass filters that have 
been pre-wet with 10% TCA. After 2 min, apply vacuum and wash filters 
with additional 10% TCA. Allow filters to dry, place in scintillation vials 
with scintillation cocktail and count in B-scintillation counter. 


Snap freeze lysates in an alcohol-dry ice bath, and store at —70°C. 


a Dry down labelled amino acids on lyophilizer and resuspend in tissue culture labelling medium 
containing 10% serum. If dialysed serum is used and medium contains <2% of the cold amino 
acids that will compete with radiolabelled amino acids, labelling can be done with 50—100 ,:Ci/ 
ml. Otherwise label with 500—1000 pCi/ml. 

© Aliquot and store at —70°C. This buffer is used to lyse cells and solubilize proteins. 

Mix Tris buffers, MgCl; and water, chill on ice and then add enzymes. Aliquot in 100 pl 
quantities and store at —70°C. This buffer digests DNA and RNA in the cell lysate samples. 
DNA and RNA can interfere with the electrophoretic pattern of the proteins in the 2D gels. 
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2.2 Samples for preparative gels 


If identification of individual cytokine-regulated proteins is the ultimate goal, 
it is necessary to prepare larger cell lysates which contain a higher concentration 
of proteins, and run preparative-scale 2D gels. The quantities of the individual 
proteins isolated on one or more preparative gel should be sufficient for 
protein identification by either immunoblot or microsequence analysis. 


Protocol 2. Preparation of cell lysates for preparative gels 


Equipment and reagents 


Tissue culture medium + 10% (v/v) serum 
+ 10 pg/ml gentamicin sulfate 

Cytokines 

PBS + 0.1 g/litre CaCl. + 0.1 g/litre MgCl, 
Sample buffer 1: see Protocol 7 

Sample buffer 2: see Protocol 7 

Sample buffer 3%: 9 M urea, 4% (w/v) n- 
octyl glucoside, 100 mM DTT, 5.5% (v/v) 
ampholytes (3—10 pH, 2/D optimized, Milli- 


e Tissue culture dishes (150 mm in diameter) 
Cell scrapers 

40—50 mi screw-cap centrifuge tubes 
Pipettes 

e Wet ice 

e Dry ice 

e Vortex 

e Waterbath (65°C) 


pore, Massachusetts, USA) a l 
Acetone (HPLC grade) e High-speed centrifuge 
Bio-Rad Protein Assay Kit Il, 


e Freezer (—20°C) 


@ 
Bradiord Vacuum source 


method (4), (Bio-Rad, California, USA) 


Method 


1. 


Grow cells in 10 or more tissue culture dishes until about 80—90% 
confluent. Remove medium and replace with 30-40 ml medium con- 
taining cytokines and/or other agents. 


. Incubate for desired amount of time (6—48 h) at 37°C. Following 


treatment, chill dishes on ice. Then proceed with lysis of cells, keeping 
dishes on ice throughout entire procedure. 


Suction-off medium and wash cells rapidly three times with 10 ml cold 
PBS per dish. 


. Add 0.8-2.0 ml hot (65°C) sample buffer 1 to cells in each dish and 


swirl to spread buffer over entire dish. Wait 1 min, then add one-tenth 
the volume sample buffer 2 (80—200 wl). 


. Scrape cells off bottom of well with a cell scraper. Solution should 


become very fluid. 


. Transfer lysates to 50 ml screw-cap centrifuge tubes, combining 


lysates of identical treatments. 


- Incubate lysates for 15 min at 65°C in a waterbath, vortex samples 


well, cool to room temperature and add 4 volumes of acetone. Mix 
well. 
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8. Precipitate proteins by storing lysates in acetone overnight in freezer 
at —20°C. 

9. Pellet proteins by centrifugation (2600 g, 15 min), carefully remove 
the supernatants and resuspend protein pellets to one-fourth the 
volume of the original lysate in sample buffer 3. Note: Do not let 
protein-acetone pellets dry out. To resuspend protein pellets, vortex 
pellets in residual acetone and add sample buffer 3 a little at a time 
with mixing. 

10. Determine the protein content of concentrated lysates using a modi- 
fication of the method of Bradford (4), in which 5 wl of each lysate is 
added to 800 pl of water and 200 ul of Bio-Rad protein assay dye 
reagent. Add 5 wl of sample buffer 3 to 800 wl of appropriately 
diluted protein standards and 200 pl of the dye when preparing the 
standard curve. Add 5 wl of 0.1 N HCI to all samples and standards to 
neutralize the alkaline pH of urea present in sample buffer 3. Continue 
protein assay protocol as recommended by manufacturer. 


11. Snap freeze lysates in an alcohol-dry ice bath, and store lysates at 
—70°C. 


a Mix urea, 20 ml water, n-octyl glucoside, DTT and heat to 37°C to dissolve urea. Add ampho- 
lytes, bring volume to 50 ml with water and filter through a 0.45 um filter. Aliquot in 0.5—1.0 
ml quantities and store at —70°C. The presence of urea prevents the proteins from precipitating 
in aggregates. 


3. Isolation of proteins from cell lysates by 2D 
PAGE 


3.1 Resolving proteins on 2D analytical gels 


For many years, our laboratory prepared 2D gels by the original procedure 
of O’Farrell (1). Subsequently, we have used larger format gels, developed 
in the laboratory of Dr James Garrels (2) and adapted for small individual 
research laboratories by several companies specializing in biotechnology in- 
strumentation. These gels offer distinct advantages, as the electrophoretic 
patterns of proteins are highly reproducible and hundreds of proteins can be 
resolved in a given gel loaded with a whole cell lysate. At the invitation of 
Millipore Corporation, we tested their Investigator’ 2D Electrophoresis 
System for running large 22 x 22 cm format 2D gels and adapted it for use 
in our laboratory to run both analytical and preparative gels. 
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Protocol 3. Analytical 2D PAGE of radiolabelled whole cell lysates 


according to the method of Patton et al. (5) with minor 
modifications 


Equipment and reagents 


e Radiolabelled cell lysates (see Protocol 1) e IEF standards (carbamylated creatine kinase 
e First-dimension IEF gel: 8.5 M urea, 2% markers, BDH pH calibration kit for IEF, 
(w/v) n-octyl glucoside, 4.5% (v/v) Hoefer Scientific Instruments, California, 
acrylamide/bis (30:0.65, Duracry!™ 2, Milli- USA) 
pore), 2.75% (v/v) ampholytes, 0.067% e Rainbow™ Protein Molecular Weight Mar- 
(w/v) ammonium persulfate (APS) kers, '*C-labelled, high mixture (Amersham 
e IEF cathode buffer: 100 mM NaOH Corp.) 
e IEF anode buffer: 100 mM H3PO, e Equipment for running large format 2D 


e IEF sample overlay buffer: 0.5 M urea, 0.2% 
(w/v) n-octyl glucoside, 0.1% (v/v) ampho- 


PAGE gels (Investigator™ 2D Electro- 
phoresis System, Millipore, or equivalent) 


lytes, 50 mM DTT e Glycerin (Fisher Scientific, New Jersey, USA) 
e IEF gel equilibration buffer: 300 mM Tris- © Film 

base, 75 mM Tris—HCl, 0.3% (w/v) SDS, 50 e Filter paper 

mM DTT, 0.02% (w/v) Bromophenol blue e Pipettes 
e Second-dimension slab gels: 7.5-15% (v/v) e Laboratory glassware 

acrylamide/bis (30:0.65, Duracryl™, Milli-  . Gel snare 

a . b 

pore), 375 mM Tris (Trizma” Pre-set crys- Fine ea Seenee 

tals, pH 8.8, Sigma Chemical Co., Missouri, ° "MC 

USA), 0.1% (w/v) SDS, 0.025% (w/v) APS, ° Film processor 

0.05% (v/v) TEMED e System for computer analysis of gels 
e Second-dimension running buffer: 25 mM (optional) 

Tris (Trizma, Pre-set Crystals, pH 8.8, Sigma œ '“C Unique Standards* for autoradiography 

Chemical Co.), 192 mM glycine, 0.1% (w/v) (ARC-146 (PL), American Radiolabeled 

SDS Chemicals, Inc., Missouri, USA) 
Method 

1. Prepare first dimension IEF gel solution and cast IEF tube gels approxi- 


mately 1 mm in diameter and 18 cm long. Stand tubes up in casting 
vial containing the IEF gel solution and slowly layer water on top of 
gel solution allowing tubes to fill with gel solution by capillary action. 
Allow at least 60 min for gels to polymerize. 


Prepare the second dimension SDS slab gel solution and cast gels 
approximately 1 mm thick, 22 cm long, and 22 cm wide using slab gel 
casting chamber. Use a concentration of acrylamide in the separating 
gel that optimally resolves the proteins of interest (usually 10—12.5% 
for whole cell lysates) and cast the separating gels a day before using 
to allow for complete cross-linking of acrylamide monomers. 


Remove IEF tube gels and load into IEF electrophoresis chamber. 
Debubble tube gels and layer 10 wl IEF sample overlay buffer on top 
of gels. 


Prefocus gels for 1—2 h to a maximum of 1000 V while applying a 
maximum current of 110 mA/gel. 


Dilute radiolabelled lysates to 10000-90000 d.p.m./pl in sample 
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buffer 3 (see Protocol 2), one volume of lysate to five or more volumes 
of buffer. Load 400 000—9 000 000 d.p.m. of the desired lysates on top 
of first-dimension tube gels in a total volume of 10—30 ul. 


6. Focus gels for 17 h at 1000 V and then for an additional 30 min at 1500 V. 


7. Assemble SDS slab gels in second-dimension running tank. 


10. 


11. 


12. 


13. 


. Chill IEF gels in tubes 5 min on ice to facilitate handling. Extrude IEF 


gels into equilibration buffer. Let gels sit in buffer for 1—2 min, then 
load IEF gels on top of SDS slab gels. 


. Electrophorese slab gels for 5—6 h at 14 W/gel. Note: When running 


gels at this high power, significant heat can build up in the upper 
buffer chamber. Start run with chilled buffer (4°C) and replace warm 
buffer with fresh chilled buffer when temperature increases to 27°C. 
Alternatively, after proteins have entered the stacking gels, run gels 
12—24 h at lower power (500 mW/gel) and then 1—2 h at 16 W/gel at 
the end of the run to enhance protein resolution. Terminate run when 
dye front is 1—2 cm from the bottom of the gels. 


Remove gels from plates and rinse gels briefly (1 or 2 min) in 2% 
(v/v) glycerin in water. Place gels on filter paper and dry gels on a gel 
dryer. 


Place a '*C Unique Standard along side the gels with film in the 
film cassette. Expose to film for desired period of time (usually 5—60 
days). 


Optional: Run IEF standards along with the protein lysates in the first 
dimension tube gels. After running both dimensions and silver stain- 
ing the gels (5), match specific proteins to the marker spots, identify 
pH gradient and assign p/ values to proteins across the gel. Load 
molecular weight markers in wells on top of the SDS slab gels along 
the sides of the IEF tube gels and run the second dimension gels 
as in step 9 above. Match specific proteins to markers, identify the 
gradient of relative molecular masses (M,) and assign M, values to 
proteins throughout the gel. 


As an alternative to step 12 above, assign p/ and M, values by computer 
analysis of autoradiograms of gels using values of known marker 
proteins. 


a This preparation of acrylamide/bis produces gels with increased rigidity and makes for easier 
handling. 

b The resolution and electrophoretic pattern of proteins in gels are more consistent when pre- 
pH Trizma crystals are used. 

€ These reusable standards are used to quantitate the amount of radioactivity incorporated into 
the individual proteins and allow for the quantitative analysis of proteins in computer-matched 
gels analysed by various software. 
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3.2 Resolving proteins on preparative 2D gels 


Preparative 2D gels are run to isolate relatively large amounts of purified 
cytokine-regulated proteins from whole cell lysates for subsequent protein 
identification by either immunoblot or microsequence protocols. The methods 
are similar to those described for analytical gels above and modified by our 
laboratory to allow for a greater protein load. 


Protocol 4. Preparative 2D PAGE of cell lysates by the method of 


Millipore with modifications (6) 


Equipment and reagents 


Lysates for preparative gels (see Protocol 2} 
Radiolabelled cell lysates (see Protocol 7) 


First dimension IEF gels: 8.5M urea, 2% (w/v) 
n-octyl glucoside, 4.5% (v/v) acrylamide/bis 
(30:0.65, Duracry!™, Millipore), 5.5% (v/v) 
ampholytes, 0.04% (w/v) APS, 0.12% (v/v) 
TEMED 

IEF cathode buffer: (see Protocol 3) 


IEF anode buffer: (see Protocol 3) 


SDS, 10 mM CAPS (3-[cyclohexylamino]-1- 
propanesulfonic acid, Sigma Chemical Co.) 


Coomassie blue G-250 Stain®: 17% (w/v) 
(NH4)2SO, 34% (v/v) methanol, 0.5% (v/v) 
acetic acid, 0.1% (w/v) Coomassie blue G- 
250 (Serva, New York, USA) 

Equipment for running large format 2D 
PAGE preparative gels (Investigator’™ 2D 
Electrophoresis system, Millipore, or equiv- 


alent) 

Equipment for transferring large format 2D 
PAGE gels to PVDF membranes (Trans- 
phor® Il Electrophoresis Unit, Hoefer 
Scientific Instruments, or equivalent) 
Orbital platform shaker 

PVDF vinyl membranes (Immobilon-P, Milli- 


IEF gel equilibration buffer: (see Protocol 3) 
Second-dimension slab gels: (see Protocol 3) 


Second-dimension stacking gels (pH 6.8): 
4-7.5% (v/v) acrylamide/bis (30:0.65, 
Duracryl™, Millipore), 122 mM Tris-HCI, 4 
mM Tris-base, 0.1% (w/v) SDS, 0.05% (w/v) 
APS, 0.1% (v/v) TEMED 


e Second-dimension running buffer: 25 mM oo 
Tris (Trizma, Pre-set crystals, pH 8.8, Sigma ° Fi ter paper 
Chemical Co.), 192 mM glycine, 0.1% (w/v) œ Pipettes 


SDS, 0.1 mM sodium thioglycolate? 
e CAPS transfer buffer (pH 11): 0.005% (w/v) 


Large flat dishes for staining gels 
Laboratory glassware 


Method 


1. Prepare IEF gel solution and cast 3 mm thick and 18 cm long IEF tube 
gels as in Protocol 3, step 1. Use Millipore 3—10 pH/2D optimized 
ampholytes. The pH gradient generated in preparative gels using this 
preparation of ampholytes is more continuous and consistent when 
compared to gels cast with other ampholyte preparations. 


2. Cast 1 mm thick, 22 cm wide and 19 cm long SDS slab gels as in 
Protocol 3, step 2, allowing for a 3 cm stacking gel. The day the gels 
are run, Cast stacking gels consisting of one-half the concentration of 
acrylamide in the separating gel. 


3. Load tube gels into IEF chamber, overlay each with 50 ul sample 
overlay buffer and pre-focus IEF gels to 750 V over a period of 4—5 h 
while applying a maximum current of 600 mA/gel. 


| a. Dilute lysates in sample buffer 3 and load each IEF gel with 300—1200 Lg 
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protein in a volume of 100—300 pl. To isolate proteins for subsequent 
microsequencing, load the maximum amount of protein on gels that 
gives good spot resolution (800—1200 ug}. Load 300—800 pug protein on 
gels when the identification of proteins by 2D immunoblot analysis is 
intended. To facilitate the identification of individual proteins on im- 
munoblots, load gels with a mixture of radiolabelled and cold lysate 
(see Protocol 4, step 5). 


5. Focus IEF gels for 17.5 h at 1000 V and then for 30 min at 1500 V. 


6. Remove tubes from chamber and chill on ice for 15 min. Extrude IEF 


gels into 25 ml IEF equilibration buffer. Equilibrate twice in buffer for 
15 min at slow speed on an orbital shaker, using a separate tube for 
each gel. 


. Place equilibrated IEF gels in alignment guides on top of slab gels and 
electrophorese as indicated in Protocol 3, step 10. 


. Carefully remove gels from between plates. If proteins are to be ex- 
cised for subsequent microsequence analysis, stain preparative gels in 
Coomassie blue G-250 stain 18—24 h on an orbital shaker, one gel per 
dish, as gels are fragile. Destain in water, changing water often (20 min 
apart). Wrap gels in plastic wrap and store at 4°C prior to excising 
proteins of interest for microsequence analysis. 


. Blot proteins in gels to PVDF membranes (Immobilon-P) at 1.3 mA/cm? 
for 3 h in CAPS transfer buffer if proteins are to be identified by 
immunoblot analysis. Prepare autoradiograms of the blot. After the 
blot is probed with antibody, overlay the film on top of the blot to locate 
the protein(s) which are detected by specific antibody staining. 


Sodium thioglycolate is added to scavenge free radicals or oxidants trapped in the gel matrix 
which can modify proteins and complicate sequence analysis. 

©The colloidal nature of this stain provides high protein-specific staining and low background- 
staining. 


4. Identification of proteins by immunoblot 


analysis 


2D PAGE immunoblot analysis is useful for confirming or establishing the 
identity of cellular proteins and may provide additional information concern- 


ing their regulation by cytokines. Several examples in which 2D PAGE 
immunoblot analysis can be useful are as follows: 


e To confirm the identity of a protein established previously by micro- 


sequencing and protein data base homology searches. 


e To locate the exact location of a tentatively identified protein in 2D gels, 
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based on similarities (i.e. p//M,, regulation by cytokines) to a protein 
from another cell type isolated by 2D PAGE and previously identified by 
microsequencing techniques. 


e To determine the effects of cytokine treatment on the amount of a known 
protein. 2D immunoblots have an advantage over 1D immunoblots when 
the protein of interest has a M, similar to another cellular protein of great 
abundance (e.g. actin or tubulin). 


e To detect multiple forms of a given protein (e.g. phosphorylated forms), 
which may possibly result from cytokine treatment. 


Protocol 5. Identification of proteins by immunoblot analysis by 
the method of Lopez et al. (7) with minor 
modifications 


Equipment and reagents 


e PVDF blot of 2D gel (see Protocol 4) e Secondary antibody? conjugated to colloidal 
e Blocking buffer: PBS, 5% (w/v) non-fat dry gold. AuroProbe BLplus (Amersham Corp.) 
milk, 0.5% (v/v) fish gelatin 0.1% (v/v) Silver enhancement reagent: IntenSE™ BL 
Tween-20, 0.04% (w/v) sodium azide Silver enhancement kit (Amersham Corp.) 
e Wash buffer: PBS, 0.5% (w/v) non-dry œ Methanol, double-distilled water 
milk, 0.5% (v/v) fish gelatin, 0.1% (v/v) e Pipettes 
Tween-20, 0.04% (w/v) sodium azide e Large flat dishes (size of blots) 
e Primary antibodies: antiserum or mono-  e Heat-sealable pouches 
e 
e 


clonal antibody (IgG) raised in either Orbital platform shaker 
rabbits, goats, or mice Pouch heat-sealer 


Method 
1. Pre-wet dried PVDF membranes in methanol for 5 sec. Rinse in water. 


2. Place blot in a large flat dish, cover with blocking buffer, place on 
orbital shaker and incubate 18 h (or longer) at room temperature. 


3. Wash blot twice for 60 min at room temperature in wash buffer on 
shaker in a large dish. 


4. Place blot in sealing pouch, add primary antibody diluted in 30—40 ml 
wash buffer, seal pouch, place on orbital shaker and incubate 18 h (or 
longer) at room temperature. 


5. Remove blot from pouch and wash blot twice as indicated above (step 
3). 


6. Place blot in new sealing pouch, add secondary antibody gold- 
conjugate diluted 1:200 in 30—40 ml wash buffer, seal pouch, place on 
orbital shaker and incubate 18—24 h at room temperature. Proteins 
staining with specific antibody usually appear as faint red spots. 


7. Remove blot from pouch, place in flat dish and wash blot twice for 1 
min in water. 
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8. Enhance the signal on blot with IntenSE™ BL following manufacturer's 
instruction. 


* The secondary antibody conjugate must be directed toward the species of the animal or cells 


that produced the primary antibody. 





5. Microsequencing of proteins isolated by 
preparative 2D PAGE 


Some proteins isolated by preparative 2D PAGE can be microsequenced by 
automated Edman degradation following electroblotting to PVDF membranes. 
Previously, we have been successful in sequencing several cytokine-regulated 
proteins from blots of preparative 2D gels by this method (8, 9). However, 
the majority of mammalian proteins are modified at their N-termini and 
therefore are not readily sequenceable by automated Edman degradation 
(10). This problem can be overcome by either chemical or protease digestion 
of the intact molecule, separation of individual peptides and subsequent 
microsequencing of internal peptides. Methods that cleave proteins into 
several large peptides are often preferred because they permit SDS PAGE 
separation of the individual peptides. Although our laboratory currently 
sequences cellular proteins purified by preparative 2D PAGE using both 
Edman degradation and mass spectrometry, we will limit our protocols to 
those used with automated Edman microsequencing, as these technologies 
are more widely available to most individual scientists and require less techni- 
cal expertise to analyse the data and deduce a partial amino acid sequence. 
Further discussion of the mass spectrometric approach to sequencing from 
preparative 2D gels is detailed in previous publications (6, 11). 


Protocol 6. In-gel CNBr? cleavage of 2D PAGE isolated proteins 
and peptide separation by the method of Schagger 
and von Jagow (12)? 


Equipment and reagents 
2D PAGE gel pieces containing 50-100 e Coomassie blue R250 Stain: 40% (v/v) 


pmol protein of interest (see Protocol 4). methanol 1% (v/v) acetic acid, 0.1% (w/v) 
Note: protein can be obtained from mul- Coomassie blue R250 (Boehringer Man- 
tiple 2D gels. nheim Corp.) 
e 2D PAGE gel pieces that do not contain any e Destain: 50% (v/v) methanol 
protein e Equipment for running vertical SDS slab 
e CNBr cocktail: 70% (v/v) formic acid, 50 gels (Sturdier® SE 410, Hoefer Scientific 
mg/ml CNBr, 0.01% (w/v) SDS Instruments, or equivalent) 
e 1M Tris (pH 8.0) e 1.5 mm thick Tris-tricine-SDS gel: 16 cm 
e Equilibration buffer: 0.5 M Tris (pH 9.0), separating gel (16.5% T/6% C), 3-4 cm 
10% (v/v) glycerol, 10 mM DTT, 0.001% spacer gel (10% T/3% C), 4-5 cm stacking 
Bromophenol blue gel (4% T/3% C) 


e CAPS transfer buffer (pH 11): (see Protocol 4) 
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Protocol 6. Continued 


Tris-tricine SDS PAGE running buffers: 
Anode (lower chamber)—200 mM Tris (pH 
8.9); Cathode (upper chamber)—100 mM 
Tris (pH 8.25), 100 mM tricine, 0.1% (w/v) 
SDS 

Protein molecular weight standards, low 
range (GibcoBRL, New York, USA, or 
equivalent) 

Equipment for transferring large PAGE gels 
to PVDF membranes (Transphor® II Electro- 
phoresis Unit, Hoefer Scientific Instruments, 
or equivalent) 


e Scalpels 

e Argon gas 

e Pipette tips 

e Screw-cap microcentrifuge tubes (air tight) 

e Aluminium foil 

e PVDF membranes (Immobilon-PSQ, Milli- 
pore) 

e Large flat dishes for staining blots 

e Speed-vac 

e Shaking waterbath or nutator in incubator 


A. In-gel CNBr digestion of proteins 


1. 


Excise gel pieces containing the protein(s) of interest from gels with a 
scalpel and place gel pieces in a screw-cap microcentrifuge tube, one 
tube for each different protein. 


Place tubes in speed-vac and reduce the size of the gel pieces to approxi- 
mately half of their original volume (5—10 min). Do not allow gel pieces 
to dry completely, as protein recovery will be greatly reduced. 


Add CNBr cocktail to partially dehydrated gel pieces in tubes, 200—300 wl 
or enough to cover and swell gel pieces to their original volume. 


Gas tubes with an inert gas (e.g. argon), tighten caps of tubes, wrap 
tubes in foil, place tubes in water bath or on nutator and incubate 18— 
24 h at 37°C with constant agitation. 


. Place tubes in speed-vac and remove CNBr and formic acid from gel 


pieces under vacuum (5—10 min). Do not let gel plugs dry out. 


. Wash gel pieces three times for 5 min with 0.5 ml Tris buffer. 


. Separation of peptides by Tris-tricine-SDS PAGE 


. Cast a 1.5 mm thick discontinuous Tris-tricine-SDS gel consisting of a 


separating gel, spacer gel and stacking gel according to the method of 
Schagger and von Jagow (13). Use a wide-tooth comb when casting 
the stacking gel to create wells wide enough to accommodate gel 
pieces (approximately 8 mm wide). 


. Equtlibrate the washed gel pieces after CNBr cleavage 5 min in equilib- 


ration buffer. Equilibrate the extra gel pieces (protein-free) as well. 


. Place equilibrated gel pieces tn the wells of the stacking gel. Add extra 


gel pieces (protein-free) to any additional wells including those con- 
taining molecular weight standards. This will minimize distortions in 
the electrophoretic gradient. 


Separate peptides by electrophoresis at 30 V for 1 h, and then at 120 V 
for 18—24 h or until peptides are resolved and dye front reaches the 
bottom of the gel. 


122 


8: Two-dimensional gel electrophoresis 


5. Blot gel to PVDF membrane at 1.3 mA/cm? for 2.5 h in CAPS transfer 
buffer. 


6. Wash blot in double-distilled water 15 min, then stain 45-60 sec in 
Coomassie blue R250 stain, and destain until peptide bands are re- 
solved. 


. Excise peptide bands and load into an automated Edman micro- 


sequencer. 


a CNBr cleaves proteins at the C-termini of methionine residues. 
? This method permits the resolution of peptides approximately 1-100 kDa. 





6. Analysis of the gels 


6.1 Visual approach to analysis 


The first phase in analysis of 2D gels is to determine the proteins of interest 
by visually comparing the autoradiograms of control and cytokine-treated 
gels and recording those proteins that are induced or suppressed. Although 
time intensive, this approach focuses the initial analysis, allows the investiga- 
tor to obtain qualitative data and to become familiar with the protein pattern 
of the gels. 


6.2 Computer based analysis 


Dr Jim Garrels (13) developed some of the original software for computer- 
based analysis of 2D gels. In an earlier edition of this chapter we described 
our experience with the PDQUEST system employed by our laboratory at 
the time which permitted spot detection, quantitation of protein spots on 
autoradiograms, gel matching, data output and limited database manage- 
ment. There has been a dramatic improvement in the level, speed and ease 
at which gels can be computer analysed and in particular, the capacity to 
build and access information from protein databases. Recently, our research 
interests have concentrated more on the identification of key cytokine- 
regulated proteins isolated by 2D PAGE using immunoblot and microsequence 
analysis. Therefore, we refer the reader to a recent review by Patton (14) 
that describes the biological and gel considerations for good analytical image 
analysis, as well as recent state-of-the-art advances in the field. 


7. Analytical 2D PAGE applications 
7.1 Analytical gels for detecting alterations in gene/ 
protein expression 


On autoradiograms of our large analytical 2D gels we routinely detect 500- 
1500 protein spots. These spots range in abundance from >10000 p.p.m. 
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(1%) to <20 ppm of total labelled protein. A protein that is present at 20 
p.p.m. (20000 molecules/cell) is a rare protein, but many important regula- 
tory proteins, such as transcription factors and cytokine receptors, may exist 
at even lower levels—(500 copies/cell), and are therefore difficult to detect 
on 2D gels of total cell lysates. This approach can be compared with that of 
screening CDNA libraries by differential hybridization with cDNA probes 
from control or treated cells, where it has been possible (in practice) to 
identify induced or suppressed cDNAs corresponding to mRNAs of ~0.01% 
(100 p.p.m.), or greater. By contrast, we have been able to detect on 2D gels 
induced or suppressed proteins at 10-50 p.p.m. (15, Harris and Epstein, 
unpublished data). 


7.2 Work from our laboratory employing analytical 2D 
gels 


The use of 2D gel technology has permitted our laboratory to detect those 
proteins induced by interferon alpha (IFN-a) and gamma (IFN-y) in human 
fibroblasts (16-18) and ovarian carcinoma cells (19). Furthermore, it has 
facilitated our definition of the molecular weight, isoelectric point and extent 
of induction of proteins induced in fibroblasts, ACHN human renal cell carci- 
noma, A549 lung carcinoma and A375 melanoma cells by one or more of the 
following cytokines: IFN-a, IFN-y, interleukin-1 (IL-1), and tumour necrosis 
factor (TNF) (15, 20, 21 and Chen, Smith and Epstein, unpublished data). 
We have defined those proteins synergistically induced in ME-180 cervical 
carcinoma cells (21, 22) and A375 melanoma cells (20, 21) by TNF and IFN- 
y. These studies revealed both differences and similarities in cytokine action 
on a given cell type, indicating that diverse molecular mechanisms are associ- 
ated with the synergistic antiproliferative effects of TNF and IFN-y. In other 
studies (23), we combined specific agonist and blocking antibodies to either 
55 kDa or 75 kDa TNF receptors with 2D gel analysis to determine which 
receptor is responsible for mediating the induction of individual melanoma 
proteins. We found that TNF enhanced synthesis of plasminogen activator-2, 
manganese superoxide dismutase and protein 28/5.6 is selectively triggered 
by the 55 kDa TNF-receptor. 


8. Preparative 2D PAGE applications 


8.1 Preparative gels for detecting alterations in protein 
expression 


Immunoblots of 2D gels are particularly useful for detecting structurally- 
related proteins or multiple forms of the same protein (3). For example, 
phosphorylated species can often be detected as satellite protein spots with 
pls that are slightly more acidic than non-phosphorylated forms. Specific 
antibodies can be used which recognize proteins that are phosphorylated on 
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certain amino acid residues such as tyrosine, to evaluate protein function. 
Carbamylated species usually run as a series of protein spots with increasing 
pis. Glycosylated species often have slightly higher molecular masses than 
their parent molecules. The detection of these modifications can give valuable 
information concerning the nature of various cellular proteins, how they 
mediate cellular function and how they may be altered by cytokine treatment. 


8.2 Work from our laboratory employing preparative 
2D gels and microsequencing techniques 


We have used preparative 2D PAGE for the isolation, purification and initial 
characterization of cellular proteins prior to microsequencing. Our micro- 
sequencing studies employing automated Edman degradation techniques are 
being conducted with the assistance of Dr Ralph Reid at the UCSF Bio- 
molecular Research Centre. From blots of 2D preparative gels of human 
fibroblast lysates we obtained an N-terminal partial amino acid sequence for 
two cytokine-regulated proteins: manganese superoxide dismutase, a protein 
that is induced by TNF and IFN-y (8), and leucine amino peptidase (9), a 
protein that is induced by IFN-y. Because most mammalian proteins contain 
N-terminal modifications that limit Edman sequencing of intact proteins (10), 
we have developed the strategy for identification of proteins based on internal 
peptide sequences described above in Protocol 6. In one application (24), a 
28 kDa, 6.2 pf melanoma protein was isolated from multiple 2D preparative 
gels, concentrated into one gel plug by additional electrophoresis and sub- 
jected to in situ CNBr cleavage. The resulting peptides were separated by 1D 
PAGE and blotted to a PVDF membrane prior to sequencing by automated 
Edman degradation. Sequence was obtained for the first 19 amino acids of 
an 18 kDa peptide fragment and matched that of amino acids 76-94 of the 
human high-mobility-group-1 protein (HMG-1), a chromosome-associated 
protein that preferentially binds single-stranded DNA and regulates DNA 
topology, thereby facilitating replication, transcription, repair and structural 
packaging of DNA (25). CNBr digestion and electrophoresis of an adjacent 
protein isolated from 2D gels of similar molecular mass but greater p/ (28 kDa, 
6.4 pl) produced an electrophoretic peptide map identical to that of the 28 kDa 
protein with sequence homology to HMG-1, indicating that these two pro- 
teins are structurally related. 2D immunoblot analysis confirmed the identity 
of these two proteins as members of the human HMG-1, 2 chromosomal 
protein family and showed that the relative amounts of these proteins are 
upregulated by IFN-y and TNF in combination. The ability of cytokines, such 
as TNF and IFN-y to induce HMG-1 suggests a biochemical pathway by 
which these cytokines may play an indirect role in regulating the expression 
of cellular genes. 

Our microsequencing studies employing mass spectrometry are being done 
in collaboration with Drs A. Burlingame, S. Hall and Mr K. Clauser of the 
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UCSF Facility for Mass Spectrometry and Dr F. Masiarz of Chiron Corp. 
Although it is beyond the scope of this chapter to describe in detail the 
technology and our studies to date, we would like to stress the importance 
of preparative 2D PAGE in providing relatively large amounts of highly 
purified cellular proteins for this purpose. In one study (6) we combined 
preparative 2D PAGE, tandem mass spectrometry and Edman degradation 
for the isolation and identification, by partial sequencing, of 34 kDa, 6.4 pl 
human melanoma protein, lipocortin I. The protein was isolated from whole 
cell lysates on several 2D preparative gels. Tryptic peptides werc separated 
by HPLC and fractions containing individual peptides were then subjected 
to liquid secondary ion mass spectrometry (LSIMS). Several HPLC peptide 
fractions contained molecular ions that matched the predicted mono-isotopic 
ion masses corresponding to protonated lipocortin I tryptic peptides. Mass 
spectrometric high-energy collision-induced dissociation (CID) analysis re- 
vealed the sequence and acetylation of the N-terminal tryptic peptide and an 
acrylamide-modified cysteine in another tryptic peptide. In other studies (11) 
we have employed matrix-assisted laser ionization desorption time-of-flight 
mass spectrometry to obtain molecular masses of tryptic peptides and tenta- 
tive identification of several proteins isolated by preparative 2D PAGE. 
Thus, we can obtain knowledge concerning both the primary structure and 
covalent modifications of proteins isolated from 2D gels directly using mass 
spectrometry which is applicable to a broad range of biological problems, 
including the identification of cytokine-modified proteins and the nature of 
such modifications. 


9. Concluding remarks 


The power of 2D gels for analysing at the molecular level the effects of 
cytokines or other agents on cell physiology is enormous. No other technique 
can provide as much global information about the effects on gene/protein 
expression in a single experiment. However, 2D PAGE technology is time 
and labour intensive. The running of the gels and their analysis requires 
dexterity and patience, as the amount of data generated in each experi- 
ment is massive. The availability of pre-cast gels and systems for running 
multiple gels has reduced some of the time and effort in running the gels. 
Recent developments in laser scanning and manufacture of computers with 
increased speed and memory have alleviated some of the time spent on 
analysis. 

Preparative scale 2D gel electrophoresis is one of the most powerful, 
highest resolution biochemical techniques available for the purification of 
proteins prior to identification by amino acid sequencing. Furthermore, 
preparative 2D PAGE permits the simultaneous purification of many proteins 
of diverse structure and function. 
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Antiviral activity of cytokines 


JOHN A. LEWIS 


1. Introduction 


A variety of biological materials exhibit the ability to induce an antiviral state 
in cells. To date the best known antiviral agents are the interferons (IFNs), 
a family of proteins and glycoproteins which are synthesized by virus infected 
cells or by cells treated with various chemicals and are capable of inhibiting 
cell-growth as well as inhibiting virus replication and modulating immune 
responses. Certain other cytokines have been reported to show antiviral 
properties (1, 2) but in general these effects have not been investigated in 
depth and the mechanisms underlying such responses are not understood. 
Assays for specific cytokines are usually of two kinds: bioassays which 
measure the potency of a preparation are generally based on some specific 
response of cells to the agent of interest while enzyme-linked immuno- 
absorbent assay (ELISA) procedures offer a simple and usually sensitive 
means of measuring the mass of the substance. This chapter describes general 
procedures for assaying antiviral responses based on our experience with 
IFNs. Further procedures are described in Chapter 21 and a companion 
volume (3). These methods can be readily adapted for other cytokines with 
suspected or demonstrated antiviral activity. 


1.1 Choice of an assay system 


The principle of any assay for antiviral responses is to treat a selected cultured 
cell-line with the agent of interest, challenge the cells with an appropriate 
virus and estimate the degree of virus replication. Several considerations 
apply to choosing the assay system: the cells should be easy to grow and able 
to withstand manipulations; the virus to be used should be as safe as possible 
and of course able to infect the chosen cells; the measurement of virus 
infection should be as reproducible and as convenient as possible. In general 
the simplest approach is to use a cytopathic virus with cells that grow in 
monolayer culture and use a vital dye to stain surviving cells. This technique 
can be made quantitative by eluting the dye and measuring its optical density. 
For non-adherent cells a virus yield reduction assay involving a secondary 
assay step is used. 


John A. Lewis 


IFNs are active on nearly all somatic cells with the exception of mutant 
strains. They induce antiviral mechanisms which are active against almost all 
classes of virus ranging from large DNA viruses to retroviruses. Nonetheless 
some viruses are more susceptible than others; DNA viruses are generally 
more resistant to the effects of IFNs than are picornaviruses. These properties 
may not apply to other ‘antiviral’ cytokines and it may be necessary to try 
different cell-lines and viruses to find the appropriate combination. For ex- 
ample tumour necrosis factor (TNF) has been reported to be active on human 
Hep? cells but not on HeLa cells (2). In our own experience Hep2 cells were 
not protected against vesicular stomatitis virus (VSV) by human TNF and 
this may reflect variations in the susceptibility of different strains of the same 
cell-line. We have also observed variations in responses of human WISH and 
other cells to human IFN-y. IFNs exhibit varying degrees of species-specific 
response with human IFNs being inactive on mouse cells and vice versa. 
However, human IFN is active on bovine cells so species specificity is not an 
absolute parameter. Other cytokines may not exhibit species-specificity; for 
example human TNF functions on mouse cells. 

Since little is known about the mechanisms by which cytokines other than 
IFNs exert their effects it is important to beware of artefactual responses. In 
particular it is probably a good idea to ensure that observed antiviral effects 
are not due to the production of endogenous IFN. Many cells produce low 
levels of interferon-B which cannot be detected by conventional assay pro- 
cedures and the addition of other agents may enhance this production leading 
to antiviral effects in a secondary manner. In addition synergistic effects may 
occur between the cytokine of interest and endogenous IFN (1, 4, 5). One 
approach to test this would be to include specific antibodies capable of 
neutralizing either type I IFNs-a and -B (type I IFN-y is only produced by 
certain T-lymphocytes) or the cytokine under study (see Chapter 19). A 
limitation here may be that extracellular antibodies will not completely pre- 
vent IFNs from interacting with their receptors in an autocrine situation. 
Another approach is to use highly sensitive procedures such as the polymer- 
ase chain reaction to detect and quantitate mRNAs, see Chapters 4 and 5 (4). 


1.1.1 Experimental considerations 


For those not accustomed to handling animal viruses it is advisable to consult 
a friendly virologist for tips on the safe and legal use of these agents. In 
different countries the use of various types of virus is regulated and it is 
important to ensure that you comply with local regulations. For instance, the 
use of VSV is restricted in the UK to a few licensed laboratories. Generally, 
the viruses most commonly used to measure antiviral responses are VSV, 
Mengo or encephalomyocarditis virus (EMCV), Semliki Forest virus (SFV) 
and Sindbis virus. These infectious agents pose a relatively low risk to humans 
athough care should always be taken to prevent accidental exposure. VSV 
may produce symptoms similar to the common cold and there is some evi- 
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dence that EMCV may play a role in the aetiology of certain forms of 
diabetes. The factors determining the use of a virus are not only the risk of 
human infection; VSV replicates readily in many animals and limitations on 
its use reflect concern over potential danger to the agricultural industry. It is 
prudent to assume that all animal viruses are dangerous and work accordingly. 
In the USA the type of manipulation described here with VSV, EMCV and 
Semliki Forest virus can be performed under Biosafety Level 2 conditions: 


e Set up a limited area for use of the viruses and restrict access of workers 
not involved in the experiments. 


e Those using the viruses should be carefully trained and informed of the 
potential hazards to themselves, their colleagues and the environment. 


Protective clothing and gloves should be worn at all times. 


Vertical (not horizontal) laminar flow hoods rated for biohazardous agents 
(class II or better) should be used with the window closed to the recom- 
mended level; the functioning of the cabinet should be inspected regularly. 


e Provide suitable disposal containers with autoclavable bags for waste 
material. 

e All contaminated materials should be either autoclaved or treated with 
20% Chlorox. 

e Work surfaces should be swabbed daily and after each use with 20% 
Chlorox followed by water and then irradiated with ultra-violet light which 
inactivates most viruses. 


e Use mechanical pipetting devices and never mouth pipette. 


Avoid forming an aerosol of contaminated solutions (e.g. by blowing out 
the last drops from a pipette). 


e After completing the experiments wash hands thoroughly with soap and 
water. 


In most countries Government agencies responsible for regulating research 
with hazardous materials publish guidelines for the safe use of particular 
viruses (e.g. HHS publication (NIH)—88-—8395) (7). 


2. Assaying for antiviral effects 


Three procedures are described here. The first is a simple and reliable cyto- 
pathic effect assay which allows the detection of antiviral effects in a semi- 
quantitative way. A second procedure, which is a little more tedious, permits 
better quantitation of the antiviral cytokine. A third procedure which can be 
used for both monolayer and non-attached cells probably is capable of pro- 
viding the most accurate quantitative data in the hands of an experienced 
worker but is also the most tedious and time-consuming. 
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2.1 Multi-well assay procedure 


In this assay cells growing in 24-well cluster dishes are exposed to the cyto- 
kine, infected with virus and stained with a vital dye to determine the degree 
of protection against virus replication. 


Protocol 1. Multi-well assay 


Equipment and reagents 


e Normal growth medium e Inverted microscope 

e Cell culture e 20% Chlorox 

e 24-well culture dishes (Falcon 3047) e Methyl violet stain: 0.5% methyl violet 2B 
e Cytokine (Matheson, Coleman, and Bell), 0.9% (w/v) 
Sterile tubes (Falcon 2006) NaCl, 2% (w/v) formaldehyde, 50% (w/v) 


ethanol 

e Shaking platform 

e Dye elution solution: 0.5 M NaCl, 50% (w/v) 
ethanol 

e Automated ELISA plate scanner 


e Pasteur pipettes 

e Vortex mixer 

e Suction system 

e Virus? (2.5 x 107 p.f.u./ml) 


e PBS: 80 g NaCl, 2 g KCI, 11.5 g NagHPO, 
(anhydrous), 0.1 g phenol red, to 1000 ml 
with water, adjust pH to 7.3 


Method 


1. Seed 3 x 10° cells in 1.0 ml growth medium in 24-well culture dishes 
(e.g. Falcon 3047) and grow to confluency overnight. 


2. Prepare serial dilutions? of the cytokine in normal growth medium. 
Pipette 2.4 ml of growth medium into 5 sterile tubes (e.g. Falcon 2006). 
Prepare the highest concentration of cytokine to be tested by dilution 
into 3 ml of growth medium. Transfer 0.6 ml to the first of the diluent 
tubes, mix thoroughly by pipetting up and down or on a vortex shaker 
and, with a new pipette, transfer 0.6 ml to the next tube in the series. 
Continue until all the tubes have received cytokine. This provides a 
5-fold serial dilution step with enough dilution for duplicate 1 ml 
amounts. 


3. Remove medium from monolayers with a Pasteur pipette connected to 
a suction system. Be careful not to touch the monolayer or use too 
strong a vacuum or some cells will be lost giving a circular, clear space 
where the tip of the pipette was applied. 


4. Add the cytokine dilutions (0.5 to 1 ml) to different wells in duplicate. 
As controls, add normal growth medium to 2 wells. Incubate cells for 
16—24 h. 


5. Remove medium and add 0.2 ml of virus” (2.5 x 10’ p.f.u./ml) diluted 
in phosphate-buffered saline (PBS) to one set of experimental wells 
(multiplicity of infection [m.o.i.] = 10 p.f.u./cell). Add virus to a control 
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well which received only growth medium (virus control). Add 0.2 ml of 
PBS to the other control (cell control) and to the second set of experi- 
mental wells. Incubate for 1 h at 37°C. 


6. Remove virus inoculum with a Pasteur pipette and carefully discard 
into a container. Replace with 1 mi of normal growth medium. Incubate 
cells at 37°C for 1—2 days. Check cultures in an inverted microscope for 
cytopathic effects.° When over 90% of the cells in the virus control 
show a cytopathic effect proceed to step 7. 


7. Stain monolayers by carefully shaking the medium into a pan contain- 
ing diluted Chlorox (20%) being careful not to splash the infected 
liquid. Rinse with PBS to remove debris.” Add 0.3 to 0.5 ml of methy! 
violet stain solution and incubate for 5-10 min on a shaking platform 
at room temperature. Shake the stain out into a sink and rinse with 
several changes of tap H20 (ambient temperature; if the H20 is too 
cold the cells tend to strip off the plastic) until the virus control wells 
are clear. Rinse with distilled H20 and dry. An alternative staining 
procedure ts given in Protocol 2 below. 


8. To quantitate the results add 1.0 ml of dye elution solution and in- 
cubate at room temperature for 2 h. Remove the solution to a tube and 
rinse out the well with a further 1 mi of dye elution solution and 
combine. Measure the optical density at 570 nm. 


“It is a good idea to cover a 1000-fold range of concentration initially using 10-fold steps and 
use smaller increments in later tests. 

’We routinely use VSV, but Sindbis or SFV can be used in its place. Mengo virus works well 
with mouse cell-lines. EMCV can be used with both mouse and human cells. Preparation of 
virus is described in Protocol 4. For some viruses it is advisable to add bovine serum albumin 
(0.1% w/v) or serum (0.1% v/v) to prevent adsorption to plasticware. 

“The nature of the cytopathic effect varies from one cell-virus combination to another. In 
general, cells round up and take on an irregular, vacuolar appearance. Small blebs may appear 
early in infection and the cells disintegrate to leave granular debris. The time required varies 
from 24 h for Mengo (or EMCV} to 36—48 h for VSV. 

We use a plastic ‘squirt’ bottle but some cell-lines attach rather weakly to the dishes and a 
more gentle method is needed. 


An alternative staining procedure (6) uses a tetrazolium salt MTT which is a 
substrate for mitochondrial dehydrogenase activities and thus depends on 
metabolic activity of live cells. This has the advantage of improved back- 
grounds since debris sticking to the wells often stains with methyl violet and 
other dyes. MTT assays are also described in Chapters 17 and 21. 

An example of this assay is shown in Figure 1. Control wells show strong 
staining while the virus control wells contain little or no stain. The staining 
intensity of the experimental wells is decreased as the cytokine, IFNs B and 
y in this case, is diluted. In the experiment shown in Figure 1 the response 
is essentially all or none. Subsequent titrations using 2-fold serial dilution 
steps will provide a clearer assessment of the actual potency of the cytokine 
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units/ml cc 100 10 1 0 CC 





Figure 1. Example of the multi-well assay. Mouse L-929 cells were seeded in a 24-well 
dish as described in Protocol 1. Serial 10-fold dilutions of IFNs B and y were prepared 
and added to the cells. After 24 h, the cells were infected with VSV and after a further 24 h 
stained with MTT as described in Protocol 2. cc = cell control. 


but this is better performed using the 96-well assay described below (Protocol 
3). A duplicate set of experimental wells which receive no virus should be 
included as a control for cytotoxicity of the cytokine. It is useful to define a 
laboratory end-point as 50% protection for comparative purposes, and inter- 
national standards are being developed for some cytokines. See ref. 3 for a 
further description of unit definitions for interferons. 


Protocol 2. An alternative staining procedure using MTT 


Equipment and reagents 


e As Protocol 1 minus methyl violet stainand e 40 uM HCI in isopropanol (mix 2 pt 1 M HCI 
dye elution solution with 50 ml isopropanol) 


e MTT solution: 6 mg/m! MTT (Thiazolyf e Automated ELISA plate scanner 
Blue, Sigma cat. No. M-5655) in PBS; filter 
sterilized and stored at 4°C for 1—2 weeks 


Method 
1. Follow Protocol 7 to step 6. 


2. Add 250 ul of MTT solution to each well. Incubate at 37°C in 5% CO, 
incubator for 3—4 h. 


3. Shake out medium into 20% Chlorox and add 0.5 ml of 40 uM HCI in 
isopropanol. 


4. Read the optical density of experimental wells at 570 nm. A background 
subtraction for wells containing dye alone can be made at ODe3o if 
desired. 
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2.2 Micro-titre plate assay 


This assay allows a more effective quantitation of antiviral activities but uses 
the same principles described above. It requires a little more work to set up. 


Protocol 3. Micro-titre plate (96-well) assay 


Equipment and reagents 


Normal growth medium e Suction device 
e Cell culture e Horizontal shaker 
Virus (VSV, EMCV, or Mengo; 4 x 10% e 20% Chlorox 
p.f.u./mi) e PBS (see Protocol 1) 
Flat-bottomed 96-well dishes (Falcon 3072) e Pasteur pipettes 
Cytokine e Squirt bottle 
Multi-channel pipetting device e Methyl violet stain (see Protocol 1) 
UV light source e Dye elution solution (see Protocol 1) 
5% CQ2 incubator e Automated ELISA plate scanner 


Paper towels 


Method 


1. 


Seed 3 x 10° cells in 0.1 ml of growth medium in flat-bottomed 96-well 
dishes (e.g. Falcon 3072) and grow to confluency. 


. In a separate 96-well dish prepare serial dilutions of the cytokine. For 


a 2-fold dilution series, pipette 0.125 ml of growth medium into all but 
the top row (horizontal). Dilute the cytokine or test substance in growth 
medium to the highest concentration to be tested and pipette 0.25 ml 
to the top row of wells. For each sample prepare four wells in order to 
provide two sets of duplicate columns. Using a multi-channel pipetting 
device transfer 0.125 ml from the top row to the next row (i.e. A to B) 
and mix by pipetting up and down several times. Continue transferring 
down the rows of the dish. Leave the last two columns of the dish for 
controls and place 0.125 ml of growth medium in them. 


If the cytokines were not sterile place the dish uncovered under an 
ultra-violet light source for 15—20 min and then cover and place in a 
5% CQO, incubator for 30 min to equilibrate the pH. 


. With a sharp flick of the wrist, tap the medium out of the dish contain- 


ing the cells into a pan lined with paper towels (to prevent splashing). 
Remove any medium from the edges of the wells with a suction device. 
Using a multi-channel pipetting device transfer 0.1 ml of the cytokine 
dilutions directly to the dish containing cells, working from low concen- 
trations to high. Incubate for 16—24 h at 37°C. 


Add directly to duplicate experimental wells 0.025 ml of virus (VSV, 
EMCV or Mengo) diluted to 4 x 10° p.f.u./ml in growth medium. Leave 
one set of duplicate cytokine dilutions and at least two of the medium 
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controls uninfected (cell control) to test for cytotoxicity. Mix gently by 
shaking the plate horizontally. Incubate for 24—48 h at 37°C. 


6. Check virus controls for cytopathic effects and when 90% or more of 
the cells are killed proceed to step 7. 

7. Stain the monolayers by shaking the medium carefully into a pan 
containing 20% Chlorox. Rinse the wells with PBS from either a squirt 
bottle or a Pasteur pipette (2-3 drops) and shake out again. Add 2 
drops (approximately 0.1 ml) of methyl violet stain solution and incu- 
bate for 5—10 min on a shaking platform at room temperature. Shake 
out the stain into a sink with a good sharp wrist movement and rinse 
several times by plunging into a dish of clean tap-water (ambient 
temp.). Rinse with distilled-water and dry. An alternative staining pro- 
cedure using MTT is given in Protocol 4. 


8. Quantitate by elution into 0.1 ml of dye elution solution as described 
in Protocol 1 on an automated ELISA plate scanner. 





units/ml 


IFN ref. 





Figure 2. Example of the microtitre plate assay. Mouse L-929 cells were treated as de- 
scribed in Protocol 3 with 2-fold serial dilutions of mouse IFN-8 or mouse IFN-y. As a 
control for specificity, neutralizing antibodies for IFNs 8 and y were included in a separate 
set of columns. In this case the antibodies were serially diluted 2-fold into growth medium 
containing a constant amount (100 units/ml) of interferon B (columns 5 and 6) or y 
(columns 7 and 8). After exposure to the cytokines for 24 h followed by infection with VSV 
the monolayers were stained with MTT (Protocol! 4). 
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The protocol described above generally provides excellent quantitation since 
a large number of closely-spaced dilution intervals can easily be handled. It 
can also be used to test for specificity by including appropriate antibodies 
(preferably monoclonal). For this purpose prepare an extra dilution series but 
replace the normal growth medium diluent with an appropriate fixed con- 
centration of antibody diluted in growth medium. In this way the antiviral 
agent is diluted at some point into the neutralizing range of the antibody. 
An example of such an assay including antibody neutralization is shown in 
Figure 2. In this case IFNs B and y were titrated in 2-fold serial dilutions 
either in the absence of a neutralizing antibody (columns 1-4) or the presence 
of specific antibodies (columns 5-8). An end-point was reached where 50% 
of the cells were protected (corresponding to 1 unit/ml). In columns 5, 6 and 
7, 8 each well received 100 units/ml of IFNs but a neutralizing antibody 
preparation was serially diluted down the columns. In the first several rows 
no protection was observed owing to the presence of sufficient antibody to 
neutralize the IFN. In subsequent rows the antibodies were diluted beyond 
their capacity to neutralize all the IFN. In addition to providing a useful check 
on the identity of the antiviral substance this provides a means to titre 
antibody preparations. The example shown here was stained with the MTT 
procedure (Protocol 4). 


Protocol 4. Alternative staining procedure using MTT 


Equipment and reagents 


e As Protocol 3 minus methyl violet stain and e MTT solution (see Protocol 2) 
dye elution solution e HCI in isopropanol (see Protocol 2) 


Method 

1. Follow Protocol 3 to step 6. 

2. Add 25 wl of MTT solution (Table 1) and incubate at 37°C for 3h. 
3. Shake out medium and add 0.15 ml of 40 uM HCI in isopropanol. 
4. Read optical density at 570 nm on automated ELISA plate scanner. 





2.3 Virus yield reduction assay 


This procedure can be used for suspension culture cells and is described for 
monolayer cells elsewhere (3). Cells are infected with virus after exposure to 
the cytokine and the virus produced is then titred in a second assay using 
monolayer cells susceptible to the virus. The details vary somewhat according 
to the type of cells used. Stationary suspension cultures are simple to handle 
because small volumes can be used. Spinner cultures are more difficult be- 
cause the minimum volume which can be handled may be 25-50 ml, depend- 
ing on the type of apparatus available. 
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Protocol 5. Virus yield reduction or plaque assay 


Equipment and reactions 


e Normal growth medium e Vortex mixer 

e 6-well dishes (Falcon 3046) e Pasteur pipette 

e Centrifuge (bench-top) e Suction device 

e PBS (see Protocol 7) e Agarose (Seakem ME, FMC Corp., Marine 
e Cell culture Colloids Division) 

e Serum e 2 x MEM (powdered, GIBCO or Flow labs) 
e Virus (VSV, EMCV, or Mengo) e Neutral red stain: 0.03% (w/v) Neutral red in 


se cui aadis hes (Facon 3002) PBS (available as a 10 x stock from GIBCO) 


e Sterile tubes (Falcon 2005) 


Method 


1. Prepare a culture of the cells to be tested and divide into several small 
cultures. A volume of 1 ml of stationary suspension culture (at 5 x 
10° cells/ml) is sufficient. For monolayer cultures we generally use 
1 ml of inoculum at 3 x 10° cells/ml growing in 6-well dishes (Falcon 
3046). Add cytokine to different final concentrations leaving one cul- 
ture untreated. Incubate at 37°C for 16—24 h. 


2. For suspension cultures, concentrate the cells by centrifugation at 
1000 g for 5 min and resuspend in PBS containing 0.5% serum at 5 x 
10° cells/ml (e.g. about 0.2 ml). 


3. Add virus (VSV, EMCV, or Mengo) diluted in PBS to achieve a multi- 
plicity of infection (m.o.i.) of 10 p.f.u./cell. For the suspension cells 
(1 x 10° cells in 0.2 ml), add 0.1 ml of virus diluted to 1 x 10° p.f.u./ 
ml. For monolayers (3 x 10° cells) add 0.25 ml of virus diluted to 5 x 
10® p.f.u./ml. Incubate at 37°C for 1 h. 


4. Centrifuge the suspension cells at 1000 g for 5 min and discard the 
supernatant carefully as virus waste. To remove unadsorbed virus 
resuspend the cells in 5 ml of growth medium containing serum and 
centrifuge at 1000 g for 5 min. Wash monolayers twice with growth 
medium containing serum. 


5. Resuspend the suspension cells in growth medium at 1 x 10® cells/ 
ml or add 3 ml of growth medium to monolayers and incubate for 16— 
24 h. 


6. Freeze the cultures at —70°C and thaw rapidly. Repeat this freeze-thaw 
cycle once to rupture the remaining cells and liberate intracellular or 
adherent virus. Centrifuge at 5000 g for 10 min at 4°C and collect the 
supernatant. Store at —70°C for assay. ? 


7. Plaque assays can be performed on any monolayer cell susceptible 
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to the virus.” We routinely use mouse L-929 cells which provide a 
well-attached, robust monolayer. Seed 6 cm culture dishes (e.g. Falcon 
3002) with 1 x 10° cells in 5 ml of growth medium and grow to 
confluency (1—2 days). For each sample to be titred nine dishes are 
needed. 


. Prepare serial 10-fold dilutions of the samples in PBS. Pipette 1 ml of 


PBS to 2 sterile tubes (Falcon 2005) and 0.9 ml to three more. Pipette 
0.01 ml of virus sample to the first tube and mix by vortexing (10?- 
fold dilution). With a new pipette tip! transfer 0.01 ml of this dilution 
to the next tube (107-fold dilution) and mix again by vortexing. Con- 
tinue the series in 10-fold steps by pipetting 0.1 ml to the next tube 
(0.9 ml of diluent), and so on. 


. Remove the medium from the culture dishes with a Pasteur pipette 


attached to a vacuum source. Add 0.25 ml of the virus dilutions in 
triplicate to the centre of the dishes and allow the inoculum to spread 
over the whole surface. Rock the dish to spread the inoculum evenly. 
The dilutions required depend on the efficiency of growth in the cells 
used in steps 1—6, the concentration of the cells and the degree of 
antiviral protection. Roughly speaking, 5 x 10° untreated cells will 
liberate 3 x 108 to 1 x 10° p.f.u. Use three dilutions bracketing the 
expected titre. 


Incubate the dishes at 37°C for 1 h and occasionally (e.g. every 15 
min) rock them to spread the inoculum over the monolayer. 


Meanwhile prepare the overlay. Melt a 1% solution of agarose (0.5 g 
of Seakem ME from FMC Corp., Marine Colloids Division, Rockland, Me. 
04841 dissolved previously in 50 ml of distilled H20 by autoclaving) 
by microwaving with the cap loosened and equilibrate at 45°C. Equili- 
brate 2 x MEM (minimal essential growth medium) at 37°C. We 
prepare this by dissolving the contents of 1 litre sachets of powdered 
medium (from GIBCO or Flow Laboratories) in 500 ml of H20 and 
sterilizing by filtration. 


Just before use, mix equal volumes of the agarose and the 2 x MEM 
and add serum to 5% final concentration. Working quickly, remove 
the virus inoculum and add 7 ml of the agarose mixture from a 
pipette. A little practice is needed to add the overlay before it solidifies 
and it is advisable to handle only a few plates at a time until experi- 
enced. Allow the agarose to set at room temperature for 5 min and 
then place the dishes inverted in an incubator. 


Monitor the plates after 24 h for appearance of plaques.” EMCV 
and Mengo will grow in 24-36 h while VSV takes 48 h. Stain the 
plates by adding 2 ml of Neutral red dye directly to the top of the 
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agarose and incubate for 2 h at 37°C. Pour off the dye and count the 
plaques. ° 


Virus titre (p.f.u./ml) = No. of plaques x 4 x dilution factor 


2 Most viruses are sensitive to repeated freeze-thaw cycles so it is a good idea to store aliquots 
if multiple assays are likely to be performed. 

b One should be aware of the possibility that the cytokine may induce other antiviral agents 
such as interferons which will be present in the released virus preparation. Usually the dilutions 
needed for assay are so great (>10°-fold) that any such activity will effectively be diluted to 
undetectable levels. 


e Success in obtaining reliable quantitation depends on careful manipulation to ensure good 
mixing and prevent carry-over of virus adhering to the walls of pipettes to lower dilutions. 

a Hold the plate to the light and look upward at the bottom of the dish. Plaques are seen as 
clear, circular areas against the hazy background of cells. Spotting them takes practice! 

e Some workers ‘flip’ off the agar first. This takes considerable practice. Cool the dishes to 4°C 
for 30 min. Insert a spatula under the agarose at one edge and, with the dish inverted, flip the 
agar disc out with a quick but smooth jerk into an autoclave bag. 





The procedure described above is the most time-consuming of the assays 
described here but is effective for non-adherent cells. It also provides the 
most reliable quantitative data of all the procedures. However, it takes 
experience to perform the assay well and is expensive of time and materials. 


3. Preparation of virus stocks 


VSV, Mengo, and EMCV can all be grown in mouse L-929 cells. With VSV 
it is important to start with a low m.o.1. to avoid the production of defective 
interfering particles. 


Protocol 6. Preparation of stock virus suspensions 


Equipment and reagents 


e Cell culture 


Serum (foetal or new born calf serum, ac- 


e Virus cording to cells used) 
e 10cm dishes (Falcon 3003) or 75cm? (Falcon © Growth medium 
3024) e Centrifuge 
e PBS (see Protocol 1) e Capped centrifuge tubes 
Method 


1. Seed cells on 10 cm dishes (Falcon 3003) or in 75 cm? flasks (Falcon 
3024) and grow to confluency (about 2 x 10’ cells). 


2. Dilute virus in PBS to 2 x 10° p.f.u./ml. Remove the culture medium 
and add 1.0 ml of virus dilution per dish or flask. This gives an m.o.i 
| of 0.1 p.f.u./cell. Incubate at 37°C for 1 h. 


140 


9: Antiviral activity of cytokines 


3. Remove the virus inoculum and add 5 ml of growth medium with 1% 
serum. Incubate for 20—24 h. At this time the cells should show intense 
cytopathic effects. 


4. Collect the culture supernatants and centrifuge’ at 10000 g for 10 min 
at 4°C. Collect the supernatant and store aliquots (e.g. 1.0 ml) at —70°C. 


5. Titre the virus stock by plaque assay as described in Protocol 5. 


*Use sealed tubes to avoid contamination of the centrifuge. When working with large volumes 


of infected liquids take especial safety precautions. 





References 


1. Wang, G. H. W. and Goeddel, D. V. (1986). Nature, 323, 819. 
2. Mestan, J., Digel, W., Mittnacht, S., Hillen, H., Blohm, D., Moller, A., Jacobsen, 
H., and Kirchner, H. (1986). Nature, 323, 816. 

3. Lewis, J. A. (1987). In Lymphokines and interferons: a practical approach (ed. 
M. J. Clemens, A. G. Morris, and A. J. H. Gearing), pp. 73-87. IRL Press, 
Oxford and Washington. 

. Reis, L. F. L., Lee, T. H., and Vilcek, J. (1989). J. Biol. Chem., 264, 16351. 

. Feduchi, E., Alonso, M. A., and Carrasco, L. (1989). J. Virol., 63, 1354. 

. Mosmann, T. (1983). J. Immunol. Met., 65, 55. 

. HHS Publication (NIH)-88-8395. Biosafety in microbiological and biomedical 
laboratories. The Department of Health and Human Services in the USA, National 
Institutes of Health, Bethesda, MD 20892. USA. 


UAU D 


141 





Assays for human B cell responses to 
cytokines 


ROBIN E. CALLARD, KAROLENA T. KOTOWICZ, and 
SUSAN H. SMITH 


1. Introduction 


B lymphocyte responses are determined by complex interactions between 
antigen, cell-surface ligands, and soluble growth and differentiation factors 
(cytokines) binding to specific receptors on the cell surface. To date, at least 
17 of more than 40 recombinant cytokines are known to stimulate B cell 
activation, proliferation and/or differentiation (Table 1). Many of these cyto- 
kines are derived from T cells and are involved in T cell—B cell collaboration, 
but some are made by B cells, monocytes, and a variety of non-lymphoid 
cells such as endothelial cells and fibroblasts. Two important properties of 
cytokines need to be taken into account when considering their action on B 
cells: 


(a) Cytokines usually lack specificity for cells of any one lineage and none 
are specific for B cells. 


(b) Any one cytokine may have several distinct biological activities on B 
cells, depending on the stage of differentiation and mode of activation. 


For example, IL-4 can activate resting B cells, promote cell division by 
activated B cells and T cells, and stimulate production of IgE and IgG4 in 
man (IgE and IgG1 in mice) by inducing heavy chain switching (1). Similarly, 
IL-2 is a growth and differentiation factor for human B cells and T cells 
(2, 3), whereas TGF-beta inhibits B cell proliferation and IgG secretion (4), 
but enhances IgA secretion, probably by inducing alpha heavy chain switch- 
ing (5, 6). This diversity of function is further complicated by the fact that 
two or more cytokines often act in concert, and the possibility that different 
B cell subpopulations may not all respond in the same way. Another recently 
emerging property of cytokines that may have far reaching implications is 
that several come in pairs with very similar but, not identical properties. 
These ‘doppelganger’ cytokines include IL1-a/B, IL-2/IL-15, IL-4/IL-13, and 
TNF-a/B. The very similar and in some cases indistinguishable activity of 
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Table 1. Responses of human B cells to cytokines 


Type of response 





Cytokine Activation Proliferation Differentiation TRF Isotype 
IL-1 (+)? (+) (+) no no 

IL-2 T T JE F no 

IL-3 ? + (pre-B) + no no 

IL-4 + + + no + (IgE/lIg) 
IL-5 ® no no no no ? 

IL-6 + + = no no ° 

IL-7 ? + (pre-B) ? no ? 

IL-10 (+)? + + no + (IgG/lg) 
IL-13 T + + no + (IgE/Ig) 
IL-14 ? + — ? ? 

IL-15 ? + + + ? 

IFN-& ? -- D no ? 

IFN-B T T T no ? 

IFN-y +/— + + no — (IgE) 
NGF ? F + ? + (IgG4) 
TGF-B ? — — no + (IgA) 
TNF-a ? + +/— no ? 

TNF-B ? + + no ? 


a Positive response +; negative response —; no response no; unknown or not reported ?. The (+) for 
IL-1 indicates some controversy. TRF = T cell replacing factor. 

PIL-5 has no effect on human B cells but it does on murine B cells. 

“IL-6 may be required for IgE and IgA responses. 

41L-10 increases MHC class II on resting murine B cells, but not on human B cells. 


these ‘doppelganger’ cytokines raises very interesting and important ques- 
tions about the nature of the receptors involved. Unfortunately, it is beyond 
the scope of this introduction to discuss the nature of the cytokine receptors 
and the reader is referred to references (7, 8) for further information. 

In this chapter, assays for measuring human B cell activation, proliferation, 
and differentiation in response to cytokines are described. In appropriate 
combinations, these assays can be used to distinguish between different B cell 
growth and differentiation factors, and help determine their action on differ- 
ent populations of normal and malignant B cells. 


2. Reagents used for in vitro experiments with 
human B cells 
2.1 Culture medium 


For most B cell assays use RPM1 1640 supplemented with 25 mM Hepes, 
2mM glutamine and 5% fetal calf serum (FCS). Gentamicin at 50 pg/ml 
should be used to inhibit bacterial growth that can occur with B cells prepared 
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from tonsils. Gentamicin from some sources has been found to be toxic to B 
cells. In our hands, the most reliable form is cidomycin sterile solution from 
Roussel Laboratories. For specific antibody responses, use RPMI 1640 with 
10% horse serum (EgS). The RPM1 1640 medium should be purchased as 
either liquid medium with Hepes included (GIBCO cat No, O4I-2400), or 
powdered medium with Hepes included (GIBCO cat No. 079-3018). In both 
these formulations, the NaCl concentration is reduced to compensate for the 
increased osmolarity arising from the addition of Hepes buffer. In some 
experiments this can be crucial. For example, specific antibody responses are 
absent or significantly reduced if ordinary RPM1 1640 with added Hepes is 
used. In some B cell assays, Iscove’s modified Dulbecco’s medium (IMDM) 
can give better responses than RPMI 1640. 


2.2 Holding medium 


For preparing cells, and holding on the bench before culture, use RPM1 1640 
supplemented with 25 mM Hepes and 5% fetal calf serum (FCS). Some 
workers use a balanced salt solution (BSS), but we find that human B cells 
do not do so well in BSS compared to medium. Gentamicin at 50 pg/ml is 
routinely used with tonsil cell preparations since these frequently have some 
bacteria. This medium contains no bicarbonate and is used exclusively for 
washing and holding cells before culture. 


2.3 Lymphocyte separation medium 

Ficoll-hypaque or Ficoll-sodium metrozoate at 1.077 kg/l such as Lympho- 
prep (Flow laboratories cat. No. 1692254) or Ficoll-Paque (Pharmacia cat. 
No. 17. 0840.03) are used to prepare mononulcear cells from blood or tonsils. 
Percoll (Pharmacia cat. No. 17.0891.01) is used to separate E-rosetting (E*) 
cells from non-E-rosetting (E7) cells. 


Protocol 1. Preparation of Percoll 


Percoll solutions for discontinuous density gradient centrifugation are 
commonly made to a predetermined percentage by mixing with buffered 
saline or medium. However, the density of stock Percoll varies slightly, as 
do the various diluting solutions, and a given percentage of Percoll does 
not always result in the same density. For this reason, Percoll solutions 
should be prepared from solutions of known densities (specific gravities). 
Specific gravities are easily and accurately determined by weighing in 
specific gravity bottles. 





Equipment and reagents 


e Percoll e Holding medium (see Section 2.2): RPMI 

e Sterile 10 x concentrated PBS 1640 supplemented with 25 mM Hepes, 5% 

è 10 ml specific gravity bottles fetal calf serum, and 50 pg/ml gentamicin 
(Roussel) 


145 


Robin E. Callard et al. 


Protocol 1. Continued 


Method 


1. Prepare iso-osmolar stock Percoll suspension by adding 1 vol. of sterile 
10 x concentrated PBS to 9 vol. of Percoll. (NB once PBS has been 
added to Percoll, autoclaving will cause it to polymerize.) 


2. Measure the specific gravity (SG) of the stock Percoll and holding 
medium (Section 2.2) using a 10 ml specific gravity bottle. The SG of 
the iso-osmolar stock Percoll should be about 1.127, and the diluting 
medium about 1.008. 


weight of known volume of Percoll 
= Gperel =a . 
weight of an equal volume of water 


3. Make up Percoll to the required specific gravity using the formula: 


(SG required—SG diluting medium) 
per cent Percoll = ———£{_ ————,_ * 100 
(SG Percoll—SG diluting medium) 


Care must be taken with liquid volumes when making up Percoll. A 
measuring cylinder is normally adequate, but the same cylinder should 
be used for both the Percoll and diluting medium to avoid inter-cylinder 
variation. The diluted Percoll should be checked to ensure that the 
specific gravity is 1.080 + 0.002. 


2.4 Sheep red blood cells (SRBC) 


Sheep’s blood in Alsevers solution is a source of SRBC used in E-rosetting. 
This can be purchased from Tissue Culture Services (cat. No. SB068). 


2.5 Phorbol ester 


Either phorbol 12-myristate 13-acetate (PMA = TPA) or phorbol 12, 13 
dibutyrate (PdB) can be used. A stock solution of phorbol ester is made up 
to 1 mg/ml in dimethylsulphoxide (DMSO), and stored frozen in the dark 
(wrapping in aluminium foil will suffice). Working dilutions are made by 
diluting the stock solution into holding medium without FCS. Because phor- 
bol esters in solution will eventually deteriorate, titrations should be carried 
out every month or so to establish potency. 


2.6 Anti-IgM 


Affinity purified rabbit antibody to human IgM coupled to polyacrylamide 
beads (anti-IgM beads, Bio-Rad cat. No. 170-5120) is used to activate B cells 
in co-stimulation assays for growth promoting cytokines. The lyophilized 
beads are reconstituted in H,O as directed, and stored in 0.01% NaN; at 
4°C. Before use, the beads should be washed 2-3 times in holding medium, 
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and resuspended to 10 pg/ml in culture medium. Washed beads can be stored 
for short periods at 4°C in holding medium containing 100 pg/ml of gentamicin. 
Alternatively, soluble F(ab’). goat anti-human IgM from Cappel (supplied 
by Precision Medical Ltd in the UK, cat. No. 55055) or Jackson Laboratories 
(cat. No. 109-006-129) at concentrations between 25pg/ml and 100u2/ml 
can be used to activated B cells, but this usually gives smaller responses. 


2.7 Staphylococcus aureus Cowan 1 strain (SAC) 


SAC can be purchased as Pansorbin from Calbiochem-Behring (La Jolla, CA). 
The bacteria are washed and used in culture at a final concentration of 0.05%. 


2.8 Influenza virus 


The influenza virus used for antigenic stimulation of antibody production 
(Section 6) was obtained as a sucrose gradient purified preparation. It was 
not inactivated, but inactivated virus is perfectly satisfactory. Either A or B 
strain viruses can be used equally well. As a concentrated suspension (about 
20 mg/ml), it can be stored in 0.01% NaN; at 4°C for several years without 
loss of antigenic activity. Diluted suspensions are made up to 10 pg/ml in 
holding medium with 50 pg/ml of gentamicin but without FCS, and can be 
stored at 4°C for several months. The virus suspension is diluted a further 
50 X in the antibody cultures which is usually sufficient to avoid inhibition 
by the azide present in the concentrated stock suspension. With some prep- 
arations, however, it may be necessary to dialyse out the azide. Influenza 
virus preparations cannot be sterilized by filtration as virus is retained by the 
membrane. 


2.9 *H-thymidine 
3HTdR was purchased from Amersham International (cat. No. TRA 120, 
specific activity 5 Ci/mmol). 


2.10 FITC-goat anti-mlg 


Staining of human B cells with mouse monoclonal antibodies such as CD19, 
CD23, and CD40 may be undertaken with directly conjugated monoclonal 
antibodies, or require a second layer of FITC conjugated affinity purified 
F(ab’)2 goat antibody to mouse IgG/IgM. To avoid cross-reactions with 
human Ig, it is best to use a second layer antibody which is both affinity 
purified and adsorbed with human serum proteins. Several such preparations 
are available. We use a TAGO antibody cat. No. 6253 (available in the UK 
from Tissue Culture Services). 


2.11 Recombinant cytokines 


Purified recombinant human cytokines are available from a variety of differ- 
ent sources advertised in most of the major immunology journals. 
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2.12 Monoclonal antibodies 


Anti-CD40 antibody can be used in co-stimulation assays for B cell prolifera- 
tion. Purified antibody at 1 pg/ml will give optimal results. 


3. Preparation of human B cells 


The way in which B cells are prepared from human lymphoid tissues can be 
critical for assay of B cell growth and differentiation factors. It is important 
to appreciate that completely pure preparations of B cells can never be 
obtained from normal tissues, even by cell sorting. The degree of contamina- 
tion with other cell types may interfere with the assays, and should always be 
determined. T cell depletion of tonsillar mononuclear cells by rosetting will 
routinely give preparations of greater than 95% B cells which can be used in 
assays for proliferation and antibody production without further purification. 
Similar preparations from venous blood usually yield much lower proportions 
of B cells (10-20%), but can be used in certain circumstances, for example 
to test for T cell replacing factor (TRF) activity in specific antibody responses. 
If required, further purification can be achieved by depletion of adherent 
cells. Negative selection of other unwanted cells by labelling with monoclonal 
antibodies and depletion by magnetic beads or complement lysis can also be 
used to improve B cell purity. Subpopulations of B cells can be obtained by 
fractionation on density gradients or by sorting after staining with selected 
monoclonal antibodies. In addition to purified normal B cells, selected B cell- 
lines can also be used as indicators for human B cell growth and differentia- 
tion factors (BCGF and BCDF). 


3.1 Mononuclear cell preparation 


The first step in the preparation of human B cells is to obtain mononuclear 
cells free of red blood cells, platelets and polymorphonuclear cells (PMN). 
These are prepared from peripheral blood or tonsils as follows in Protocol 2. 
Splenic B cells can also be obtained in a similar manner. 


Protocol 2. Preparation of mononuclear cells from tonsils (TMC) 
and venous blood (PBMC) 


Equipment and reagents 





e Holding medium (see Section 2.2 and Pro- e Sterile plastic Universal tubes, pipettes, 


tocol 1) pipette tips, Petri dishes 
e Syringe fitted with 21 gauge needle e Microscope and haemocytometer 
e Preservative-free heparin e Trypan blue solution 
e Ficoll-sodium metrozoate: (Section 2.3) e Sterile scalpel 
e Benchtop centrifuge e 70% alcohol 
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Preparation of tonsillar mononuclear cells (TMC) 


. Surface sterilize excised tonsil with 70% alcohol for 5 sec, and then 


rinse in RPM1 1640 holding medium. 


. Put the tonsil into a Petri dish with 20 ml of RPMI 1640 holding 


medium containing 50 ng/ml of gentamicin and tease out the mono- 
nuclear cells by scraping from the connective tissue with a sterile 
scalpel. 


. Pipette the cell suspension into a plastic Universal tube and allow any 


clumps of tissue to settle for 1 min. 


. Remove the suspended cells and layer on to 8 ml of Lymphocyte sep- 


aration medium 1.077 kg/litre (Section 2.3) in a plastic Universal tube. 
Centrifuge at 1000 g for 15 min at room temperature. 


. Collect the mononuclear cells from the interface, taking a portion of the 


Ficoll-Hypaque layer below, and wash (200 g for 10 min). 


. Wash the cells a second time (200 g) and resuspend in 10 ml of RPMI 


1640 holding medium containing 5% FCS and gentamicin. 


. Remove a small aliquot and count on a haemocytometer. Viability 


determined by Trypan blue exclusion should always be in excess of 
90%. 


. Preparation of peripheral blood mononuclear cells (PBMC) 
. Take blood from volunteer donors into a syringe wetted with 


preservative-free heparin. 


. Dilute blood with an equal volume of RPMI 1640 holding medium 


containing 10 IU/ml of preservative-free heparin but without FCS, and 
layer on to lymphocyte separation medium (Section 2.3) (2 vol. of di- 
luted blood to 1 vol. of separation medium) and centrifuge at 1000 g 
for 15 min at room temp. The centrifuge brake should be off to prevent 
disturbance of the interface. 


. Collect the mononuclear cells from the interface, taking a portion of the 


Ficoll-Hypaque layer below, and wash ($200 g for 15 min) with at least 
an equal volume of holding medium containing 10 IU/ml of 
preservative-free heparin, but without FCS. The slow wash in the pres- 
ence of heparin will leave most of the platelets in the supernatant and 
prevent clumping of the mononuclear cell pellet. 


. Wash the cells a second time (200 g) in RPMI 1640 holding medium 


with 5% FCS, and resuspend to 5 x 10°/ml. 


. Remove a small aliquot and count on a haemocytometer. Viability 


determined by Trypan blue exclusion should be in excess of 95%. 
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3.2 Depletion of T cells by E-rosetting 


Human T cells and some natural killer (NK) cells express cell surface CD2 
antigen which binds to specific receptors on sheep erythrocytes (E) resulting 


in the formation of E rosettes. Separation of E-rosette-forming cells (E®) 


from non-rosette-forming (E`) cells by density gradient centrifugation is the 
simplest and most effective method of depleting T cells from mononuclear 


cell 


preparations. 


Protocol 3. Depletion of T cells by E-rosetting with AET-treated 
sheep red blood cells (SRBC) 


Equipment and reagents 


A. Preparation of AET-treated SRBC 


Gey’s Haemolytic Balanced Salt Solution: 
Solution A. NH,CI 35.0 g, KCI 1.85 g, 
NagHPO4.12H,0 1.5 g, KH2PO, 0.119 g, 
Glucose 5.0 g, Phenol red 0.005 g, gelatine 
(Difco) 25.0 g, made up to 1 litre in double 
distilled-water; 

Solution B. MgCl2.6H20 4.2 g, MgSQ4.7H2O0 
1.4 g, CaCl 3.4 g, made up to 1 litre in 
double distilled-water; 

Solution C. NaHCO, 22.5 g, made up to 1 
litre in double-distilled water. All three solu- 
tions are sterilized by autoclaving and stored 
at 4°C. Make up Gey’s solution freshly when 
required, by mixing 7 vol. of sterile double 
distilled-water with 2 vol. of Solution A 
(warmed at 37°C for 5 min before use to 
melt the gelatine), 0.5 vol. of Solution B and 
0.5 vol. of Solution C. 


AET: S-2 aminoethylisothiouronium bro- 
mide hydrobromide (AET) 40.2 mg/ml in 
water, pH 9.0 adjusted with 1M NaOH. 


Sheep's blood in Alsevers (Section 2.4) 
Sterile 0.14 M NaCl 


Holding medium (Section 2.2 and Protocol 
2) with and without FCS 


Percoll (Section 2.3 and Protocol 1); (Phar- 
macia cat. No. 17.0891.01) 

Sterile pipettes, pipette tips, plastic Uni- 
versal tubes 

Refrigerated bench centrifuge 


E rosettes are best formed using sheep red cells treated with S-2-amino- 
ethylisothiouronium bromide hydrobromide (AET) to stabilize rosettes as 
described by Kaplan and Clark (9). 


1. 


Wash sheep’s blood (stored in Alsevers solution for up to 3 weeks) 


three times in sterile 0.14 M NaCl. Remove all the supernatant and any 


buffy coat on each wash. 


. After the last wash, remove all residual supernatant and incubate 1 vol. 


of packed SRBC pellet with 4 vol. of freshly prepared AET solution at 


37°C for 15 min. 


. Wash five times in sterile 0.14 M saline and resuspend in RPMI 1640 


holding medium (without FCS) to give 10% AET-SRBC. These may be 


stored at 4°C for up to three weeks. 
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B. E-Rosette formation and separation 

1. Mix 10 ml of mononuclear cells at 5 x 10°/ml with 2.5 ml of 10% AET- 
SRBC and 1 ml of FCS in a plastic Universal tube. Centrifuge at 200 g 
for 15 min with the brake off. Ensure that a good cell pellet is obtained 
with no SRBC in the supernatant. If necessary, centrifuge for a longer 
time but not at higher speed. 


2. Incubate for 60 min on ice. 


3. Resuspend the rosettes by gentle rotation of the centrifuge tube. Do 
not resuspend by pipetting as this will disrupt some rosettes. 


4. Layer on to 7-8 ml of Percoll (SG 1.080) (Section 2.3) in a plastic 
Universal tube and centrifuge at 1000 g for 20 min at room temp. with 
the brake off. 


5. Remove the E` fraction from the interface along with about 75% of the 
Percoll. Be careful not to disturb the red cell pellet. 


6. Dilute with at least an equal volume of holding medium and wash 
twice. 


7. To recover the E* cells, remove all of the Percoll above the SRBC and 
resuspend the pellet with 5 ml of Gey’s haemolytic balanced salt 
solution for 1—2 min. Immediately after red cell lysis, dilute with hold- 
ing medium, and wash twice. 


8. Resuspend all fractions in 2—5 ml of holding medium, and count the 
cells. It is most important to check each preparation for percentages of 
B cells, T cells, and monocytes (Section 3.7). Preparations with un- 
acceptable numbers of contaminating T cells (more than 2%) should 
be discarded. 


More effective T cell depletion can be obtained if Percoll rather than Ficoll- 
Hypaque is used to separate E-rosette-forming (E*) cells from non-rosette- 
forming (E`) cells (10). The E` fraction of TMC obtained by this method 
should contain less than 1% of CD3~ (T) cells. Two cycles of E-rosetting 
may be required to reduce the proportion of T cells to this level when PBMC 
are used. T cell contamination must be reduced to this level in E- prepara- 
tions used in most B cell assays to avoid indirect action through residual T 
cells. Poor T cell depletion may be obtained with some batches of SRBC even 
after AET treatment. In this case it is best to discard the offending batch of 
SRBC and start afresh. Analyses of typical E` cell preparations from TMC 
and PBMC cells are given in Table 2. 


3.3 Depletion of monocytes by adherence 


Blood E` cells contain 60-80% monocytes compared with only 1-2% in 
tonsillar E~ cell preparations. These can be depleted by adherence on tissue 
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Table 2. Phenotype of fractionated E~ lymphocytes 


Cell type % Fluorescence postive cells 
CD20 CD3 CD14 CD57 CD16 
Blood E~ (2 x rosetted) 21 <1 75 <1 6 
(light fraction) 13 <1 . 78 <1 10 
(heavy fraction) 92 <1 1 <1 3 
Tonsil E~ (1 x rosetted) 95 <1 2 2 1 
(light fraction) 98 <1 1 n.d. n.d. 
(heavy fraction) 98 <1 <1 n.d. n.d. 


Antibodies used were: B1 (CD20); UCHT1 (CD3); UCHM1 (CD14); HNK-1 (CD57); 
Leu 11 (CD16). n.d. = not done. 


culture plastic Petri dishes. If recovery of the monocytes is required, plates 
coated by micro-exudate (extracellular matrix) from the BHK cell-line should 
be used. Contamination by monocytes in the non-adherent fraction is usually 
reduced to between 2-10% using this method. Better depletion may be 
obtained by passing cells through columns of Sephadex G-10, or by cell 
sorting or cytotoxicity using anti-monocyte monoclonal antibodies, but this is 
not usually necessary. In some assays, for example the antigen specific anti- 
body response to influenza virus (Section 6), small percentages of monocytes 
(about 0.5%) are essential, presumably for antigen presentation. 


Protocol 4. Depletion of adherent cells on micro-exudate 
plates 


Equipment and reagents 


e Holding medium and culture medium (Sec- e BHK cell fine 


tions 2.1 and 2.2) e Sterile plastic 90 mm Petri dishes, pipettes, 
e Holding medium containing 3 mM EDTA pipette tips 


e PBS containing 10 mM EDTA e Bactericidal UV light source 


A. Preparation of BHK micro-exudate coated Petri dishes 


1. Prepare micro-exudate dishes by growing baby hamster kidney (BHK) 
cells to confluence on 90 mm tissue-culture plastic Petri dishes. 


2. Remove the BHK cell monolayer with 10 mM EDTA in PBS. 

3. Wash dishes vigorously several times with PBS, and sterilize with a 
bactericidal UV light source for 5 min. The treated dishes may be sealed 
with tape and stored at 4°C. 

B. Depletion of adherent cells 


1. Incubate 2 x 10’ E- cells in 10 ml of holding medium containing 10% 
FCS on the micro-exudate dishes for 45 min at 37°C. 
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2. Resuspend the non-adherent cells by gently rocking the dishes, and 
remove by pipette. Repeat this procedure at least twice with 10 ml of 
warm medium carefully added to the dish. 


3. To remove the adherent cells, incubate for 15 min with medium con- 
taining 3 mM EDTA at 37°C, and pipette vigorously. 





3.4 Preparation of heavy and light B cells 


In many B cell activation and proliferation experiments, E~ cells are fraction- 
ated on discontinuous Percoll gradients to give light (<1.074 kg/litre) and 
heavy (>1.074 kg/litre) populations. The small heavy B cells are generally 
considered to be resting (Go) cells, but there is some evidence to suggest that 
some of these cells are already activated (11). Because of this, some investiga- 
tors prefer even higher density B cells to exclude those in Gg (12). 


Protocol 5. Density gradient fractionation of human B 
lymphocytes 


Equipment and reagents 


e Holding medium (Section 2.2) e Refrigerated bench centrifuge 
e Percoll (Section 2.3) e Microscope and haemocytometer 
e Trypan blue solution e Conical centrifuge tubes 


e Sterile pipettes, pipette tips, Universal tubes 


Method 

1. Layer upto 3 x 10’ cells in 2—3 ml of holding medium on to 3 ml of Percoll 
(SG 1.074) in a 10 ml conical centrifuge tube, and centrifuge at 1000 g 
for 20 min. If using blood E` cells, monocytes should be depleted 
first. 

2. Remove the low-density B cells from the interface, and discard most 
of the Percoll supernatant leaving about 0.2 ml. Take care not to re- 
move all the supernatant or disturb the pellet as the cells in the pellet 
tend to be very loose. Resuspend the high-density B cells in the remain- 
ing Percoll. 

3. Wash each fraction twice, and resuspend the cells in 1—2 ml of holding 
medium containing 5% FCS. 


4. Count the cells using Trypan blue. 


3.5 Separation of B cell subpopulations with 
monoclonal antibodies 


Various methods have been described for preparing B cell subpopulations 
defined by monoclonal antibodies. These include complement-mediated cyto- 
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toxicity, panning on antibody-coated plastic plates, rosetting with antibody- 
coated Ox red blood cells, magnetic beads and fluorescence activated cell 
sorting. A major disadvantage with most of these methods is the difficulty in 
recovering labelled cells (positive selection) in sufficient numbers and con- 
dition suitable for cell culture. The magnetic separation technique (MACS) 
uses very small (100 nm) paramagnetic beads which make positive selection 
as easy as negative selection. Moreover, the beads are biodegradable so they 
do not interfere with the cells in culture, and their small size does not notice- 
ably change the light-scattering properties of the cells on FACS analysis. The 
method for MACS separation of B cell subpopulations ts as follows. 


Protocol 6. MACS separation of B cell subpopulations identified 
by monoclonal antibodies 


The MACS magnetic cell sorter obtained from Miltenyi Biotec GmbH, 
Gladbach 1, West Germany (British agents are Becton Dickinson) comes 
with magnet, columns and biotinylated paramagnetic beads. Cell labelling 
is achieved with a sandwich of biotinylated monoclonal antibody followed 
by fluoresceinated streptavidin and then biotinylated beads. The strepta- 
vidin is FITC (or PE) conjugated to allow labelling to be checked by FACS 
analysis. 


Equipment and reagents 


e Holding medium (Section 2.2) e 10 ml syringe, 25 gauge short-needles and 
e PBS containing 0.01% sodium azide and 21 gauge needles 

5 mM EDTA at pH 7.4 (PBS-EDTA) e Three-way stopcock to fit column and 
e PBS containing 1% BSA and 5 mM EDTA at syringe 

pH 7.4 (PBS-BSA) e MACS apparatus with biotinylated para- 
e 70% and 95% ethanol magnetic beads and columns of appropri- 
e Mild detergent ate size 
+ Double distilled or Milli-Q water e Sterile pipettes and Universal tubes 
e Biotinylated monoclonal antibodies, FITC 


or PE streptavidin 


A. Column preparation 


1. Attach a three-way stopcock to the MACS column. Fill column with 
70% ethanol slowly from the bottom using a syringe fitted to the 
stopcock, tapping frequently to dislodge bubbles. Replace the ethanol 
by running in PBS-BSA from the top. Leave at 4°C until required. This 
filling method avoids bubbles in the column. 


2. Connect a 25 gauge short needle to the three-way stopcock attached 
to the column. Connect a 10 ml syringe of PBS-BSA to stopcock to flush 
through the needle if it becomes blocked. 


3. Cool column by passing through 3 column vol. of ice-cold PBS-BSA 
before use. 
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. To regenerate the column after use, rinse by suction with 500 mi of 
mild detergent followed by 1 litre of double-distilled water then 500 ml 
of 95% ethanol. Dry the column completely. The columns can be steril- 
ized by autoclaving at 120°C, but this does shorten column life. Col- 
umns can normally be used about 10 times. 


. Cell staining and separation 


1. Wash cells in ice-cold PBS-EDTA. Keep an aliquot for FACS analysis. 


. Add 100 pl of biotinylated monoclonal antibody to the washed pellet 
of 10° cells, mix, and incubate for 10 min at 4°C. 


- Wash cells in PBS-EDTA then add 10 wl of FITC-streptavidin and in- 
cubate for 10 min at 4°C. The aliquot put aside in step 1 as a negative 
control should be treated in the same way. 


. Wash cells once in PBS-EDTA and resuspend in 200 wl of PBS-EDTA (if 
using more than 4 x 10’ cells, add an extra 50 pl per 10’ cells). Add 
1 pl of concentrated biotinylated MACS beads to each 100 wl of cell 
suspension, mix, and incubate for 5 min at 4°C. 


. Add 400 wl of PBS-BSA to each 100 wl of cell suspension and apply 
immediately to the MACS column fitted with a short 25 gauge needle. 
Note that the column flow rate is determined by the needle gauge. 
Keep an aliquot of unseparated cells at this stage for FACS analysis. 


. As soon as the cells have been applied to the column, place column in 
the magnet. Open the stopcock and add 5 column vol. of PBS-BSA to 
the top of the column. Allow the unbound cells to pass through the 
column and collect into a container on ice. Do not let the column run dry. 


. Replace the 25 gauge needle with a 21 gauge needle (to increase the flow 
rate) and run through 5—10 column vol. of PBS-BSA. Discard this wash. 


. To remove bound cells, remove column from the magnet, attach a 
10 ml syringe to each end of the column (one filled with PBS-BSA) and 
vigorously squirt PBS-BSA back and forth through the column to dis- 
lodge the bound cells. Wash this bound fraction into a container on ice. 


Note: the use of sodium azide as described and keeping the cells at 4°C 
is important to prevent capping and shedding of the antibody. The azide 
is removed by washing the cells and does not affect subsequent viability 
or function. 


Separation purity should always be checked by FACS analysis of cells 
incubated with FITC-streptavidin only (background), stained unseparated 
cells, stained unbound cells, and stained bound cells. Better purity of 
unbound cells can sometimes be obtained by passing through the column 
twice. 
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3.6 Immunofluorescence analysis of B cell preparations 


It is essential to monitor all human B cell preparations used to investigate 
responses to cytokines for purity since unacceptable contamination can some- 
times occur and interfere with the assay. This is best done by indirect im- 
munofluorescence using well-defined monoclonal antibodies to B cells, T 
cells, monocytes, and NK cells. For small numbers of cells, staining is carried 
out in round-bottomed microtitre wells, or round-bottomed flexible PVC 
microtitration plates which can be cut to the required number of wells and 
supported on a rigid microtitre tray. Larger numbers of cells can be stained 
in 12 X 75 mm Falcon tubes. 


Protocol 7. Immunofluorescent staining of B cell preparations 


Equipment and reagents 


e Holding medium (Section 2.2) containing e Refrigerated benchtop centrifuge fitted with 


2% FCS and 0.01% NaN microtitre plate holder 
e Monoclonal and second-layer antibodies e Whirlimixer 

(see below) e Flow cytometer such as the FACScan or 
e Plastic round-bottomed microtitre trays, fluorescence microscope 

Falcon tubes (cat. No. 2052), pipettes, and © Paper tissue 

pipette tips 


A. Monoclonal antibody staining of cells in microtitre wells 


1. Dispense between 1 and 3 x 10° cells per well of a non-sterile round- 
bottomed microtitre tray. Include wells for each monoclonal antibody 
as well as negative and positive controls. 


2. Centrifuge the cells into a pellet at 200 g for 2 min using a microtitre 
plate attachment available for most centrifuges. 


3. Remove supernatants by inverting the plate with a single flicking 
motion over a sink. Do not repeat this action as the cells will become 
resuspended and lost. Carefully wipe any droplets of medium from 
the surface of the plate using a paper tissue, then resuspend the cells 
by holding the plate firmly on to a vortex Whirlimixer. 


4. Add 50 ul of monoclonal antibody diluted in holding medium contain- 
ing 2% FCS and 0.01% NaN3. When checking for B cell purity, include 
an anti-CD19 for B cells, an anti-CD3 for T cells, and a monocyte 
specific antibody such as UCHM1 (CD14). For the negative control, 
use medium alone or a monoclonal antibody known not to react with 
human leukocytes. For the positive control, use an anti-common 
leukocyte (CD45). Mix each well individually when adding the anti- 
body. Do not use the Whirlimixer as antibody will spill over the sides 
into adjacent wells. 
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Incubate on ice for 30 min. 


6. Wash the cells three times by adding 200 ul of medium to each well, 


centrifuging at 200 g for 2 min, and removing the supernatant by in- 
verting the plate with a single flicking motion over a sink. Resuspend 
the cells by holding the plate firmly on a vortex Whirlimixer. After 
each wash, carefully remove any droplets remaining on the surface 
of the plate with a paper tissue. Extra care must be taken at this stage 
to prevent any spill-over of antibody from one well to the next. 


. If directly conjugated antibodies are used, go to step 10. Otherwise, 


to the resuspended cells add 50 yl of pretitrated FITC conjugated 
F(ab’)2 goat anti-mouse Ig absorbed against human serum proteins 
(Section 2.10) in medium containing 2% FCS, 0.01% NaNsz, and 2% 
normal goat serum (NGS) to inhibit Fc receptor binding. 


8. Incubate on ice for 30 min. 


9. Wash three times as in step 6. 


10. 


Resuspend the cells and make up to 0.5 ml in Falcon tubes with 
holding medium containing 2% FCS and 0.01% NaN}. The stained 
cells can be kept on ice for 2—3 h before analysis on a flow cytometer 
such as the FACScan. If it is necessary to delay the FACS analysis, the 
cells can be fixed as described in Protocol 8, and kept for several days 
without loss of fluorescence. 


B. Monoclonal antibody labelling of larger numbers of cells 


For larger numbers of cells, staining can be done in Falcon tubes. 


1. 


Incubate 0.5 x 10° cells with 100 wl of pre-titrated monoclonal anti- 
body in Falcon tubes for 30 min on ice. 


2. Wash twice in cold medium containing 2% FCS and 0.01% NaN}. 


3. For directly conjugated antibodies go to step 4. Otherwise incubate 


the cells with 100 pl of pre-titrated FITC conjugated goat anti-mlg for 
a further 30 min on ice. 


. Wash twice, then resuspend the cells in 0.5 ml of holding medium and 


analyse samples on a FACScan, or fluorescence microscope. 


Note: in some cases, phenotypic analysis of B cells which have been 
cultured in the presence of another monoclonal antibody is required. To 
avoid detection of this antibody one can use either directly conjugated 
monoclonal antibodies for staining, or a second layer specific for the IgG 
subclass of the staining (e.g. IgG2a) but not the other (e.g. IgG1) mono- 
clonal antibody. 
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Protocol 8. Fixing FiTC-labelled cells 


Equipment and reagents 


e Paraformaidehyde e Plastic pipettes, pipette tips, Falcon tubes 


e 1 M sodium hydroxide solution (cat. No. 2052) 
e PBS e Benchtop centrifuge 


e Holding medium (Section 2.2) e FACScan 
e Waterbath 


Method 


. Make up 0.1 g of paraformaldehyde with 2 drops of 1 M NaOH and 0.2 
ml of H20. 


. Heat to 80°C in a waterbath. Do not boil. 
. Cool, and add 9.8 ml of PBS. 


. Wash labelled cells in PBS and then resuspend pellet in 200 wl of 
fixative at 4°C for 20 min, then wash twice in holding medium. 


. Wash the cells and resuspend to 0.5 ml in holding medium containing 
5% FCS before reading on the FACScan. 





3.7 Human B cell lines for assaying B cell growth and 
differentiation factors 


In some circumstances, continuous B cell lines may offer certain advantages 
over purified B cells for measuring growth and differentiation in response to 
cytokines. 


(a) Continuous B cell-lines are free of the non-B cell contamination which 
can cause problems even with FACS selected preparations. 


(b) B cell-lines are more homogeneous than normal B cell preparations 
which generally consist of ill-defined B cell subpopulations and/or B cells 
at different stages of activation. 


These advantages are offset to some extent by the abnormal physiological 
status of B cell-lines and the uncertain relevance of their responses to normal 
B cell growth and differentiation. For this reason, B cell-lines are best used 
in conjunction with other assays. 

By judicious selection of indicator B cell-lines, it is possible to distinguish 
between different factors. For example, the mouse B9 hybridoma cell line 
proliferates in response to very low concentrations of IL-6, but not to any 
other known cytokine (13), see Chapter 21. In addition, responses to particu- 
lar cytokines can be confirmed by using specific blocking antibodies. Of the 
numerous B cell-lines which respond to cytokines, we have selected four on 
the basis of their responses in different assays. The best characterized of these 
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is CESS, a lymphoblastoid line used for detecting B cell differentiation factors 
such as IL-6 (14). In addition, we have identified three other lines (HFB1, L4 
and BALM 4) which proliferate and/or differentiate (secrete immuno- 
globulin) in response to different cytokines. There are many other lines which 
can be used according to the investigator’s needs and preferences. 


3.7.1 Maintenance of B cell lines used in assays for B cell 
growth and differentiation. 


The B cell-lines used in proliferation and differentiation assays (Sections 5 
and 6) are grown in medium RPMI 1640 supplemented with 25 mM Hepes, 
2 mM glutamine, and 10% FCS in 25 cm? or 75 cm? flasks at 37°C in an 
atmosphere of 5% CQO, in air. Small numbers of cells can be grown in 24- 
well Costar plates. Antibiotics are not normally necessary, but gentamicin at 
50 ug/ml can be used without interfering with the assays. The lines should 
be split regularly to keep the cells in log-phase growth. 

One important problem which must be closely monitored is that of myco- 
plasma contamination which can interfere with responses to B cell growth 
factors. Interpretation of [*7H]TDR incorporation results may be impossible 
if the responding cell-lines are contaminated. Under these circumstances, cell 
proliferation can be determined with the MTT test (15). The EBV trans- 
formed line, CESS, is often contaminated with mycoplasma, but this does 
not seem to inhibit its ability to respond to IL-6. Mycoplasma-free lines 
should be checked routinely for infection. If possible, contaminated and 
mycoplasma-free lines should be dealt with completely separately to reduce 
the possibility of cross-contamination. If separate facilities are not available, 
mycoplasma-free cultures should be handled only after fumigation of the 
laminar flow cabinet with formaldehyde, preferably overnight. This is most 
easily done by leaving an open dish of formaldehyde in the closed cabinet 
with the fan off. It is also important to use separate stocks of medium and 
other reagents, and to keep the incubator clean and free of mycoplasma 
infected cultures. There are fewer problems with contamination, especially 
fungi and mycoplasmas, if the incubators are kept dry. 


4. B cell activation 


Activation of B cells by ligand-binding to receptors on the cell membrane 
such as anti-Ig or IL-4 involves a series of biochemical events. These start 
with receptor-mediated signal transduction and stimulation of second- 
messenger cascades, followed by activation and/or synthesis of transcription 
factors responsible for gene regulation, leading to synthesis of RNA and 
expression of activation antigens. As a result, the cell leaves Go and enters 
G,, but in the absence of a second signal does not normally synthesize DNA 
or divide. The early events of B cell activation, such as the hydrolysis of phos- 
phatidyl inositol bisphosphate (PIP2) and protein tyrosine phosphorylation in 
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response to anti-Ig (16), and the elevation in cAMP following stimula- 
tion with IL-4 (17) occur within minutes and are dealt with in Chapter 6. 
Later events, such as c-myc expression, synthesis of RNA, size increase, and 
expression of cell-surface activation antigens involve more complex cell func- 
tions including activation of the nucleus, and occur within hours or days. 


4.1 Measurement of RNA synthesis : 


Activation of B cells to leave Gp and enter G, is accompanied by RNA 
synthesis. Most of this is ribosomal RNA not mRNA and is part of the cells 
preparation for protein synthesis. De novo RNA synthesis can be measured 
easily by incorporation of [*H]uridine. 





Protocol 9. Measurement of RNA synthesis 


Equipment and reagents 


e Culture medium (Section 2.1) e CO, Incubator 
e [°H]uridine Amersham International cat. No. e Cell harvester with glass-fibre filters 
TRK 178, specific activity 25-30 Ci/m mole «e Liquid scintillation counter, scintillant, and 
e Sterile flat-bottomed microtitre trays for capped counting tubes 
tissue culture 
e Sterile pipettes, pipette tips, Universal tubes 


Method 


1. Prepare small resting B cells (Protocol 5) and culture at 10° cells/ml in 
200 wl of culture medium in flat-botttomed microtitre wells with and 
without the cytokine to be investigated. Control cultures in medium 
alone and with a B cell activator such as PMA (10 ng/ml) should also 
be included. 

2. Incubate for 18 h at 37°C in an atmosphere of 5% CO, then add 1 pCi 
of [?H]uridine to each well and incubate for a further 6 h at 37°C. 

3. Harvest the labelled cells on to glass-fibre discs with an automated cell 
harvester, and count incorporated [SH]uridine on a liquid scintillation 
counter. Results should be corrected for quenching and efficiency and 
expressed as disintegrations per minute (d.p.m.). 


4.2 Measurement of B cell activation by expression of 
surface activation antigens such as CD23 and 
surface IgM 
Activation of B cells with cytokines such as IL-4 or IL-13 results in increased 
expression of activation antigens including CD23, surface IgM, CD40, and in 
some cases MHC class II. These can easily be measured by monoclonal 
antibody labelling and flow cytometry. The most commonly used B cells for 
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activation experiments are small heavy tonsillar E~ cells isolated on discon- 
tinuous Percoll gradients (Protocol 5). Other sources of B cells such as spleen 
can be used, but peripheral blood B cells are not very satisfactory because 
of the relatively small numbers of B cells obtained, and the difficulties in 
removing the high proportion of monocytes, NK and null cells (Table 2). The 
technique for activating B cells and measuring the expression of activation 
antigens is described in Protocol 10. 


Protocol 10. Expression of human B-cell activation antigens 


Equipment and reagents 


Culture medium (Section 2.1) e Sterile 24-well Costar plates, 12 x 75 mm 
Lymphocyte separation medium (e.g. Falcon tubes, Universal tubes, pipettes and 
Ficoll-Hypaque) at 1.077 kg/litre (Section pipette tips, Pasteur pipettes 

2.3) e CQO, incubator 

PMA e Bench centrifuge 


Monoclonal antibodies to activation anti- e Flow cytometer (FACScan) 
gens (e.g. CD23 IgM) 


Method 


1. 


Prepare T cell depleted E cells as described in Section 3, and resuspend 
to 1 x 10° cells/ml with culture medium containing 5% FCS, 25 mM 
Hepes and 50 pg/ml of gentamicin. 


. If small numbers of activated cells are required, use 2 ml cultures at 


10 cells/ml in 24-well Costar plates. For activation with cytokine such 
as IL-4, add 50 wl of an appropriate dilution in culture medium. A final 
concentration of IL-4 of 100 units/ml is optimal. Use PMA at a final 
concentration of 0.5—10 ng/ml for positive control cultures. Normally, 
10 ng/ml of PMA will both activate and induce cell division whereas 
0.5 ng/ml will activate without significant DNA synthesis. To prevent 
drying of the cultures, put sterile water into the outer wells, and place 
the Costar plate inside an unsealed plastic box. For larger numbers of 
cells, set up the cultures at 10° cells/ml in tissue culture flasks. 


. Incubate at 37°C for 72 hin a dry incubator with an atmosphere of 5% 


CO, in alr. 


. At the completion of the culture period, resuspend the celis and centri- 


fuge at 1000 g for 20 min over Ficoll-Hypaque (1.077 kg/litre) to remove 
dead cells and debris. For small numbers of cells, this can be done in 
12 x 75 mm Falcon tubes containing 1.5 ml of Ficoll-Hypaque, other- 
wise use plastic Universal containers with at least 7 ml of Ficoll- 
Hypaque. 


. Carefully remove the cells from the interface with a Pasteur pipette, 


then wash twice and resuspend to 2 x 10° cells/ml in holding medium. 
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6. To assess the expression of activation antigens, stain the cells with the 
appropriate monoclonal antibody as in Protocol 7, and read on the 
FACScan. 


Note: Appropriate negative controls for B cells activated with cytokine or 
PMA are B cells cultured under the same conditions but without the 
activation signal. About 20% more cells are required in control cultures 
as they do not survive as well as activated cells. Freshly prepared E cells 
are not suitable controls. 





An example of B cell activation with IL-4 is given in Figure 1. After 
stimulation with IL-4 for 72 h the cells were stained for surface CD23 and IgM 
expression. The FACScan histograms clearly show an increase in expression 
of CD23 and surface IgM by B cells activated with IL-4. Much lower concen- 
trations of IL-4 are required for optimal surface IgM expression compared 
with CD23 expression (18). 

The enhanced expression of surface activation antigens detected by FACS 
analysis can be expressed in three different ways: 


(a) The fluorescent channel subdividing the histogram into two equal propor- 
tions (median) can be compared. This is usually known as the median 
fluorescence intensity (MFI). 


(b) The fluorescent channel showing the peak fluorescence (mode) can be 
compared. 


(c) The proportion of activated cells labelled can be given by setting the 
marker at the base of the peak obtained with control cells. 


Of these, MFI is the preferred measurement. Changes in cell size on activation 
can be determined by comparing forward angle scatter histograms in the same 
way. 


5. Assays for B cell proliferation in response to 
cytokines 


Cytokines which promote the growth of B cells can be assayed in different 
ways. The two most common methods are co-stimulation of normal (tonsillar) 
B lymphocytes, and enhancement of cell division of indicator B cell-lines. 


5.1 Cytokine stimulation of B cell proliferation 


This assay depends upon the co-stimulation of small heavy (resting) B cells 
with cytokine and a second activation signal such as anti-IgM, anti-CD40, or 
PMA. Under the right conditions, co-stimulation with both signals will result 
in B cell proliferation whereas each signal alone will have little or no effect. 
Several different methods for activating resting B cells to respond to growth 
promoting cytokines have been described. Most of these use either soluble 
or particular preparations of anti-immunoglobulin, Staphylococcus aureus 
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Figure 1. FACS histogram of small heavy tonsillar B cells cultured with medium alone or 
IL-4 for 3 days and then stained for CD23 and slgM expression. 


Cowan 1 preparations (SAC), anti-CD40 monoclonal antibodies, or phorbol 
esters (PMA). We have found the most reliable to be anti-IgM coupled to 
polyacrylamide beads and anti-CD40 monoclonal antibodies. These are used 
in the co-stimulation assay for B cell growth factors as follows. 


Protocol 11. Proliferation of resting B cells in response to co- 
stimulation with cytokine and anti-lgM or anti-CD40 


Equipment and reagents 


e Culture medium (Section 2.1) e Hamilton Stepper syringe 
e Anti-lgM beads or CD40 monoctonal anti- e CQ, Incubator 
body (Sections 2.6 and 2.12) e Celi harvester with glass-fibre filters 
e [PH]TdR (Section 2.9) e Liquid scintillation counter, scintillant, and 
e Sterile 96-well flat-bottomed microtitre capped counting tubes 
plates for tissue culture e Saline 
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Protocol 11. Continued 


Method: co-stimulation of tonsillar B cells 


1. Prepare small resting tonsillar E~ as described in Section 3.2, and 
resuspend to 10® cells/ml in culture medium supplemented with 5% 
FCS and 50 pg/ml of gentamicin. 


2. Dispense 100 wl (10°) of cell suspension into sterile flat-bottomed 
microtitre wells. To triplicate wells, add 50 wl of each cytokine to be 
tested plus 50 wl anti-lgM beads (10 pg/ml final concentration) or anti- 
CD40 monclonal antibody (1 pg/ml). For each experiment, control 
cultures with medium alone, and anti-lgM beads (or anti-CD40 mono- 
clonal antibody) alone, should be included. If using a dry incubator, fill 
the outer wells with sterile water and place the plate in an unsealed 
plastic box to minimize evaporation. 


3. Incubate for 72 h at 37°C in an atmosphere of 5% CO; in air. 


4. Add 1 pCi of [SH]TdR in 10 pl of saline to each culture well using an 
0.5 ml Hamilton Stepper syringe, and incubate at 37°C for 6—8 h. 


5. Harvest the labelled cells on to glass-fibre discs with an automated cell 
harvester, and count incorporated [°H]TdR on a liquid scintillation 
counter. Results should be corrected for quenching and efficiency and 
expressed as disintegrations per minute (d.p.m.). 


A typical result from an IL-4 co-stimulation experiment is given in Table 3. 
In this case, tonsillar B cells were stimulated with anti-lgM beads and 
IL-4 (100 units/ml). A 10-fold stimulation index with counts up to 30000 is 
typical for this sort of experiment. 

It is important to note that the choice of activation signal in these experi- 
ments is not just a matter of convenience. Different B cell activators may 
have quite different effects and prime B cells to respond in different ways to 
the various B cell growth promoting cytokines. For example, PMA, but not 
anti-[gM, is a powerful inducer of the CD23 antigen. It may, therefore, be 
important to try different activation signals when screening for unknown B 
cell growth factors. 


Table 3. Co-stimulation of B cells with anti-lgM and IL-4 


Anti-lgM beads IL-4 Response (HTdR d.p.m.) 


oe 1286 + 187 

— 2612 + 297 
1879 + 241 

87345 + 1223 


+ 1 + | 
+ + 
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5.2 Cytokine stimulation of proliferation by B cell lines 


When grown at low cell-densities, some B cell-lines depend upon the addition 
of exogenous growth factors for continual proliferation. Using selected B cell- 
lines such as HFB1, L4, and BALM 4, this property can be exploited to assay 
for growth promoting cytokines. 





Protocol 12. Cytokine stimulation of growth by B cell lines 


Equipment and reagents 


e Culture medium (Section 2.1) e CO, incubator 

e [SH]TdR (Section 2.9) e Cell harvester with glass-fibre filters 

e Sterile 96-well flat-bottomed microtitre e Liquid scintillation counter, scintillant, and 
plates for tissue culture capped counting tubes 


e Hamilton Stepper syringe 


Method: measurement of proliferation by B cell lines 


1. Harvest cells from a vigorous log-phase growth culture of L4, BALM 4 
or HFB1. The cells should be subcultured 24—48 h beforehand. Cultures 
which contain many dead cells, or are growing slowly, will not perform 
well in this assay. Wash the cells once and resuspend to 10° cells/ml 
in culture medium. 


2. Add 100 wl of cells to give final cell concentrations in six replicate 
microtitre wells ranging from 10° to 10° cells/ml. Add 100 wl of cytokine 
to six replicate cultures at each cell concentration. Add medium only 
to one set of six wells as a negative control. 


3. If using a dry incubator, fill the outer wells with sterile water, and put 
the plate in an unsealed plastic box to minimize evaporation. Incubate 
for 48 or 72 h at 37°C in an atmosphere of 5% CO; in air. 


4. Add 1 wCi/well of [7H]TdR in 10 wl of saline using a 0.5 ml Hamilton 
Stepper syringe and incubate for a further 6—8 h. 


| 5. Harvest the cells on to glass-fibre discs with an automatic cell har- 
vester, and count incorporated [7H]TdR on a liquid scintillation counter. 


Note: in these experiments the starting cell concentration is critical. If the 
cell concentration is too high, cells proliferate well without any exogenous 
factor. On the other hand, if the concentration is too low, the cells will die 
even in the presence of added cytokine. We routinely use at least three 
cell concentrations of each cell-line. With the normal day-to-day variation, 
any of the three concentrations may give an optimal response. A typical 
set of results obtained with low molecular weight BCGF (BCGFiow) is 
shown in Table 4. 
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Table 4. Response of selected B cell lines to BCGFiow 


[7H]TdR incorporation (d.p.m.) 


Cell line Cells/well 
(x 1073) Medium BCGF 
BALM 4 20 38681 + 11217 93 226 + 12119 
10 6700 + 1474 35614 + 4630 
HFB1 15 40275 + 5236 95 734 + 13403 
5 3191 + 925 37 446 + 1123 
L4 12 7441 + 1359 115329 + 3059 
4 1206 + 296 38 451 + 570 


6. Assays for cytokines which stimulate human B 
cell differentiation (Ig secretion) 


Cytokines which stimulate antibody secretion by human B cells (B cell differ- 
entiation factors) can be measured in co-stimulation assays with SAC or anti- 
Ig activated B cells (19) and on indicator B cell-lines (14). Other assays have 
also been developed for cytokines which stimulate the production of immuno- 
globulin isotypes and those which can replace T cells in specific antibody 
responses called T cell replacing factors (TRF). It is worth bearing in mind 
that B cell differentiation could in principle also refer to other B cell re- 
sponses such as memory cell production or antigen presentation. Assays 
to measure cytokine control of these other functions have not yet been 
developed. 


6.1 Co-stimulation assays for cytokines which stimulate 
immunoglobulin secretion (B cell differentiation 
factors) 


These are set up in exactly the same way as described for proliferation 
(Section 5.1) except that SAC and anti-CD40 monoclonal antibodies or CD40 
ligand (CD40L) are more commonly used than anti-Ig to activate the B cells, 
and the cultures normally run for 5-7 days rather than 3-4 days. At the end 
of the culture period, supernatants are removed and assayed for Ig as described 
in Section 8. A typical result using SAC activated B cells and IL-6 or IL-2 as 
B cell differentiation factors is given in Table 5. Note that timing of addition 
of the cytokine may be important in these assays. For example, IL-4 does not 
stimulate Ig secretion in co-stimulation assays with SAC when the IL-4 and 
SAC are added together at the initiation of the cultures, but it is now known 
to enhance IgM and IgG secretion by SAC preactivated B cell blasts (20). 


6.2 Assays for B cell differentiation factors using B cell lines 


Immunoglobulin secretion by B cell-lines L4, BALM 4 and CESS (Table 6) 
may be increased in the presence of B cell differentiation factors (21). With 
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Table 5. SAC co-stimulation assay for B cell differentiation factors 


Response 
SAC IL-2 IL-6 Proliferation IgG (ng/ml) 
(7HJTdR d.p.m.) 
= — — 800 + 280 18 +6 
F — — 2000 + 780 52+ 11 
n — + 1850 + 540 1876 + 230 
+ + = 66 400 + 6260 2360 + 420 


Note: that IL-2 stimulates both [*H]TdR uptake (proliferation) and lg secretion 
whereas IL-6 stimulates only Ig secretion. IL-6 is therefore a true B cell 
differentiation factor whereas in this experiment the increased Ig secretion 
obtained with IL-2 may have been due to an increase in the number of B cells 
and not differentiation. This distinction should be taken into account when 
assaying for B cell differentiation factors. 


Table 6. Assay for IL-6 on B cell lines 


IgG production (ng/ml) 


Cell-line Cells/well (x 107%) Medium IL-6 
CESS 3 28+3 526 + 49 
L4 12 11+6 185 + 35 
4 <5 1445 
BALM 4 20 4+1 3248 
10 <5 114 


CESS it was originally reported that the minor population of surface IgG 
positive cells were more responsive to BCDF than unseparated CESS cells 
(14), but we have not found it necessary to isolate this subpopulation. The 
assay is carried out in exactly the same way as described for cytokines which 
stimulate proliferation (Protocol 12) except that the cultures are extended to 
5-7 days. Supernatants are then harvested and assayed for immunoglobulin 
content as described in Section 8. CESS, L4 and BALM 4 are all suitable cell 
lines for measuring immunoglobulin secretion in response to cytokines. Lower 
concentrations of immunoglobulins are secreted by L4 and BALM 4, and it 
may be necessary to culture for a longer period (6-7 days) and at higher cell 
concentration. 

An example of the response of each cell-line to IL-6 is shown in Table 6. 
IgG secretion by CESS cells is typically increased 5-50 times by IL-6. When 
using L4 or BALM 4, it is advisable to use two different cell concentrations 
as the response is cell dose dependent (Table 6). 
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6.3 Assays for cytokine regulation of Ig isotype 
responses 


A number of different assays have been used to investigate cytokine regula- 
tion of Ig class and IgG subclass responses in humans. Culture of B cells with 
T cells and IL-4 has been used to show that IgE production depends on IL- 
4, activated T cells and other cytokines (IL-6) (22-24). More recently, anti- 
body or CD40 ligand (CD40L) binding to CD40 on B cells has been shown 
to be an essential signal for heavy chain switching by human B cells (25, 26). 
Co-stimulation of B cells with anti-CD40 antibody (or CD40L) and cytokine 
has since emerged as a suitable assay for Ig class and IgG subclass regulation. 
IgE secretion can also be obtained by polyclonal activation of B cells with 
EBV and IL-4 in the absence of CD40 activation (27). Other polyclonal B 
cell activators such as PMA have also been used to investigate cytokine 
regulation of Ig isotype regulation (28, 29). The effect of cytokines on isotype 
and IgG subclass production can be determined by specific EIA described in 
Section 8. 


Protocol 13. Assays for cytokine regulation of immunoglobulin 
isotype production 


Equipment and reagents 


IMDM culture medium (Section 2.1) containing supernatant can be aliquoted 
EBV-containing supernatant from the mar- and stored at —70°C until required. 

moset B95-8 cell-line: Grow the B95-8 line e CD40 antibody or CD40L 

in RPMI culture medium until the cultures e CO, incubator 

are bright yellow, then centrifuge to re- 
move the cells and filter the supernatant 
through a 0.45 micron filter. The EBV- 


e Sterile flat-bottomed 96- and 48-well micro- 
titre plates, pipettes, pipette tips 


A. Co-stimulation with CD40 antibody and cytokine 


1. Prepare T cell depleted E~ cells from PBMC as described in Protocol 3 
and make up to 10° cells/ml in IMDM culture medium (Section 2.1) with 
5% FCS. 


2. Dispense 100 wl (10° cells) into each well of a 96-well flat-bottomed 
microtitre plate. 


3. Add 50 wl of purified anti-CD40 antibody to give a final concentration of 
1 ug/ml and 50 wl of cytokine to be tested. Include control cultures with 
CD40 antibody alone. If available, CD40L can be used instead of CD40 
antibody. 


4. Culture at 37°C in 5% CO; for 8—9 days then collect supernatant for Ig 
class and IgG subclass assay as described in Section 8. 
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B. Ig isotype responses by B cells stimulated with EBV and cytokine 
1. Prepare T cell depleted E` cells from TMC or PBMC in RPMI with 5% 
FCS as described in Protocol 3. 


2. Centrifuge at 200 g for 7 min and resuspend pellet to 12.5 x 10° cells/ 
ml in EBV-containing B95—8 supernatant and incubate at 37°C in 5% 
CO, for 1—2 h. 

3. Wash the cells twice to remove unbound EBV and resuspend to 2x108 
cells/ml in IMDM culture medium with 5% FCS (Section 2.1). 


4. Dispense 0.5 ml (10° cells) into each well of 48-well Costar plate and 
add 0.5 ml of cytokine to be tested. 


5. Culture at 37°C in 5% CO, for 12—14 days. 


6. Harvest the supernatant for lg class or lg subclass assay as described 
in Section 8. 





6.4 T cell replacing factors 


In addition to stimulating B cell growth and differentiation, some cytokines 
can also replace T cells in specific antibody responses in vitro. In man, these 
T cell replacing factors (TRF) can be readily assayed on thoroughly T cell 
depleted E~ cell preparations obtained from blood, tonsil, or spleen (30, 31). 
In this assay, E` cells are cultured with antigen (influenza virus in the 
example described below) in the presence and absence of TRF, and antibody 
production determined by specific EIA. Antibody responses obtained in the 
presence of TRF are usually comparable with those obtained in the presence 
of T (E*) cells. 


Protocol 14. Assay for T cell replacing factors (TRF) in specific 
antibody responses 


Equipment and reagents 


e RPMI 1640 culture medium supplemented  » Sterile 12 x 75 mm Falcon culture tubes 
with 10% horse serum (Section 2.1) (cat. No. 2054), pipettes, pipette tips 

e Holding medium (Section 2.2) e CQ, incubator 

e Purified influenza virus antigen (Section e Bench centrifuge 
2.8) 





Method 


1. Prepare T cell depleted E~ (B) cells from TMC or PBMC as described 
in Protocol 3 and resuspend to 1—1.5 x 10°/ml in RPMI 1640 culture 
medium supplemented with 10% horse serum and 50 ug/ml of genta- 
micin (Section 2.1), and dispense 0.5 ml (0.5—0.75 x 10° cells) into 12 
x 75 mm culture tubes. Note that the horse serum is stable for many 
months at —20°C, but loses activity after a few days at 4°C. 
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Protocol 14. Continued 


2. 


A typical result from a TRF induced antibody response to influenza virus 


Dilute purified influenza virus (Section 2.8) to 10-times the final con- 
centration (usually 0.2 ug/ml) in the same medium, and add 100 wl to 
each culture tube. 


. Add 0.5 ml of medium to three tubes for a negative control, and 10° 


E+ (Th) cells in 0.5 ml of medium to three tubes for a positive control. 


. Dispense 0.2—0.5 ml of factor to be assayed into the remaining tubes, 


and make up the total volume of each culture to 1 ml with culture 
medium. 


. Loosely replace the caps and incubate for 7 days at 37°C in a dry 


incubator with an atmosphere of 5% CO; in air. 


. At the end of the 7 day culture period, wash the cells once and re- 


suspend in 0.5 ml of culture medium containing 5% FCS. Cover the 
tubes with aluminium foil rather than recap them, and incubate for a 
further 12—18 h at 37°C. This step minimizes background in the EIA 
assay by removing free virus and horse serum present in the culture 
medium. 


. Collect supernatants for assay of specific antibody (Section 7.3). IgG 


subclass antibody can also be measured (Section 7.4). Supernatants 
for EIA may be stored at —20°C before assay. 


is given in Table 7. 


The antibody cultures are usually carried out in triplicate in 12 X 75 mm 
capped Falcon tubes, but a micromethod is also available using 5-times fewer 
cells in round-bottomed microtitre plates (32). In this case, the responses 
obtained are more variable, and more replicates (>6) should be used. The 
micromethod is essentially the same except that 10° ET cells in 200 wl are 
cultured in round-bottomed microtitre wells. Washing of the cells in micro- 


Table 7. Specific antibody responses obtained with TRF 


Antibody to X31 (ng/ml) 


Responding cells Antigen TRF IgM IgG 
PBM E~ — — <1 <1 
PBM E` + — <1 2 
PBM E~ = + <1 <1 
PBM E~ + + 2 220 + 80 
PBME + E* + — 2 241 + 41 


Depleted of T cells by two cycles of E-rosetting with AET-SRBC (Section 2.2). 
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titre wells (see step 6 above) is best carried out by sucking off the medium 
from each well using a 21 gauge needle attached to a suction pump. If the 
needle is slid down the side of the microtitre well as far as the top of the 
curvature, the cell pellet will not be disturbed. The cells can then be washed 
by resuspending in medium and repelleted by centrifugation at 200 g for 5 
min on a centrifuge with a microtitre tray adapter. 


7. Enzyme immunoassays for immunoglobulin 
secreted by human B cells 


All the assays we use for detection of human Ig and specific antibody are 
based on solid phase enzyme immunoassays (EIA). 


7.1 Measurement of Ig (IgM, IgG, IgA, and IgE) secretion 


The effect of B cell differentiation factors is easily monitored by measuring 
Ig production with an ELISA assay. The example that follows is for IgG, but 
the other isotypes or total Ig can be measured in same way by substituting 
the appropriate antibodies for capture in step 1 and detection in step 8 as 
shown in Table 8. The assays for IgE and IgG subclasses have an extra 
step 10. 


Table 8. Conditions for lg class and IgG subclass assays 


Assay First layer (step 1) Second layer (step ?) Third layer (step ?) IgE only 

IgM Goat anti-human IgM HPO-goat anti-human IgM. — 
(Sigma l-0759) 1 ug/ml (Sigma A-6907) 1 ug/ml 

IgG Goat anti-human IgG HPQ-goat anti-human IgG - 
(Sigma l-3382) 1 pg/ml (Sigma A-6029) 1 ug/ml 

IgA Goat anti-human IgA HPQ-goat anti-human IgA 
(Sigma l-0884) 1 ug/ml (Sigma A-7032) 1 ug/ml 

IgE Goat anti-human IgE Rabbit anti-human IgE HPO-goat anti-rabbit IgG 
(Sigma l-0632) 2 pg/ml (MIAB Ab 105) 0.1 ug/ml (Sigma A-0407) 1 ug/ml 

igG1 Rabbit anti-human G (H+L) Biotin-mab anti-lgG1 HPO (or AP) streptavidin 
(Jackson 309-005-082) (Zymed 05-3340) 0.5 pg/ml (Amersham RPN-1231 or RPN- 
1 ug/ml 1234) 1/1000 

IgG2 Rabbit anti-human G (H+L) Biotin mab anti-lgG2 HPO (or AP) streptavidin 
(Jackson 309-005-082) (Zymed 05-3540) 1 ug/ml (Amersham RPN-1231 or RPN- 
1 ug/ml 1234) 1/1000 

IgG3 Rabbit anti-human G (H+L) Biotin mab anti-lgG3 HPO (or AP) streptavidin 
(Jackson 309-005-082) (Zymed 05-3640) 2 pg/ml (Amersham RPN-1231 or RPN- 
1 ug/ml 1234) 1/1000 

IgG4 Sheep anti-human IgG4 Biotin mab anti-lgG4 HPO (or AP) streptavidin 
(Binding Site AB009) (Zymed 05-3840) 2 ug/ml (Amersham RPN-1231 or RPN- 
2 pg/ml 1234) 1/1000 
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Protocol 15. Measurement of IgG by ELISA 


Equipment and reagents 


e 4% normal goat serum phosphatase (AP)-conjugated affinity- 
ə PBS/BSA/Tween: PBS containing 1% BSA purified goat anti-human IgG (Sigma cat. 
and 0.05% Tween 20 No. A-6029) 
e 3 M NaOH e Rabbit-anti-human IgE (MIAB cat. No. AB 
105) 


PBS/Tween: PBS containing 0.05% Tween 20 


Bicarbonate coating buffer pH 9.6: 1.59 g 
NaCO}, 2.93 g NaHCQOs;, 0.2 g NaN3 made 


e ELISA plate reader 
HPO-goat anti-rabbit IgG (Sigma cat. No. A 


up to 1 litre in double distilled-water and 0407) 


adjusted to pH 9.6 
2MH.SO, 
p-nitro phenyl phosphate (1 mg/ml) (Sigma phosphate citrate buffer: 1 M Na HPO, 


Phosphate/citrate buffer, pH 5.0 
O-phenyl-diamine (OPD) (Sigma P1526) in 


104-105) in alkaline phosphatase buffer: (28.4 g/litre) and Citric acid (21.0 g/litre) 
1.59 g Na,CO3, 2.93 g NaHCO3, 9.52 mg made separately. Mix equal volumes just 
MgCl, made up to 1 litre in double distilled- prior to use and add 0.5 mg/ml OPD and 
water and adjusted to pH 9.6 0.015% v/v H202 


Affinity-purified goat anti-human IgG ° Non-sterile flat-bottomed 96-well ELISA 


(Sigma cat. No. l-3382) plates (Immunolon Il and Dynatech M1298) 
e Horseradish peroxidase (HPO) or alkaline © Incubator 


Method 


1. 


Dispense 75 ul of affinity purified goat anti-human IgG at 1 ug/ml in 
bicarbonate coating buffer and incubate at room temp. overnight. For 
other Ig classes use antibodies as shown in Table 8. Note that indi- 
vidual batches of antisera should be pre-titrated to determine the 
optimal signal to noise ratio with high, medium and low concentra- 
tions of IgG. 


Wash three times with PBS/Tween. 
To block remaining protein binding sites, add 100 wl PBS/BSA/Tween 


to each well and leave at room temp. for 30—90 min. 4% normal goat 
serum (NGS) diluted in PBS can also be used in this step. 


Wash three times with PBS/Tween. 
Add 75 wl of test supernatant and standards in duplicate. An 11 point 
standard curve using doubling dilutions of either pooled normal human 


serum, or partially purified IgG at 1000 ng/ml in PBS/BSA/Tween is 
set up in duplicate on each plate along with a buffer only zero standard. 


Incubate at room temp. for 1—2 h. When assaying for IgE, incubate 
overnight at room temp. 


Wash three times with PBS/Tween. 


8. To each well, add 75 wl of horseradish peroxidase (HPO) or alkaline 


phosphatase AP-conjugated affinity purified goat anti-human IgG di- 
luted in PBS/BSA/Tween. For IgE, use rabbit anti-human IgE. Indi- 
vidual batches of antisera should be titrated to determine the optimal 
dilution. 
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. Incubate at room temp. for 1—2 h (4 h for IgE) then wash three times 


with PBS/Tween and once with distilled water. 


For IgE, add 75 pl of HPO-goat anti-rabbit IgG, incubate for 1—2 h at room 
temp., then wash twice with PBS/Tween and once with distilled water. 


To each well, add 100 pl of OPD (HPO substrate) in phosphate/citrate 
buffer and incubate for 15—60 min at RT for colour development. Stop 
with 40 wl of H2S0,. If AP-conjugated antibodies are used, add 100 pl 
of p-nitrophenyl phosphate in alkaline phosphatase buffer and allow 
the colour to develop for about 1 h at 37°C. Stop with 40 pl of 3 M 
NaOH. 


Read absorbance on an automatic ELISA plate reader at 492 nm for 
OPD or 405 nm for AP. The results should be expressed as ng/ml of 
lg calculated from the standard curve. Most automatic plate readers 
now come with computer software which will plot a standard curve 
obtained by one of several choices of curve fitting methods and will 
calculate the sample concentrations. Alternatively, a standard curve 
obtained by plotting the logit OD against log» of antibody concentra- 
tion where: 





logitop = In 
gitop IP 


where P = OD/OD max and OD max is the optical density obtained when 
all the NPP is hydrolysed, usually about 11.0. 


Note that antisera can be stored undiluted in small aliquots at —70°C, and 
frozen and thawed a maximum of three times. Immunoglobulin standards 
should be diluted in assay buffer to 10 pg/ml and stored frozen in small 
aliquots. By substituting class-specific antisera at stages (1) and (8) above, 
it is also possible to measure levels of IgM, IgA and IgE in culture super- 
natants. The different antisera and conditions for IgM, IgG, IgA and IgE 
are shown in Table 8. 


7.2 Measurement of IgG subclasses by ELISA 


Measurement of IgG subclasses in tissue culture supernatants by ELISA has 
proved quite difficult. A number of methods have been reported but we have 
found that some of these are subject to high backgrounds and in some cases 
lack of specificity. In our experience some of these difficulties have arisen 
from the complex sandwich methods employed. To minimize this problem, 
a method was developed by Karolena Kotowicz in this laboratory which 
employs IgG subclass specific polyclonal antibody as a capture antibody and 
biotinylated mouse monoclonal antibodies to the human IgG subclasses 
(Zymed, distributed by Cambridge Biosciences in UK), followed by HPO or 
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AP-conjugated streptavidin for detection. The different antibodies used for 
capture and detection are shown in Table 8. The individual steps of this assay 
are essentially the same as in Section 7.1 above except for the use of these 
reagents, and longer incubation times. In addition, PBS/Tween with 1% 
normal mouse serum (NMS) is used in blocking step 3, and PBS/Tween with 
0.2% NMS is used as a diluent in steps 5, 8 and also 10 when streptavidin is 
used instead of second antibody. Note that BSA is never used as this causes 
serious cross-reactivity problems with mouse antibodies. Optimal incubation 
times and concentrations of reagents should be determined to suit individual 
circumstances. 


7.3 ELISA for specific antibody production 


Specific antibody production in vitro can be readily measured by solid phase 
enzyme immunoassays (ELISA). In each assay, a standard curve is con- 
structed to enable the results to be expressed as ng/ml. The standard is 
obtained by measuring the IgG concentration (Section 7.1) in pooled super- 
natants from influenza stimulated PBM which contains only specific antibody. 
Secondary standards from normal human serum can also be used after calib- 
ration. Specific antibody containing supernatants are assayed as follows. 


Protocol 16. ELISA assay for specific antibody production 


Equipment and reagents 


e Influenza virus e Non-sterile flat-bottomed 96-well ELISA 

e PBS plates 

e PBS/BSA: PBS containing 1% BSA (Frac- ¢ Alkaline phosphatase conjugated strept- 
tion V from Sigma) avidin 

e Alkaline phosphatase conjugated affinity- | ¢ p-nitrophenyl phosphate substrate (NPP) in 
purified goat anti-human IgG (Sigma cat. bicarbonate buffer, pH 9.6, containing 1074 
No. A-3150) M MgCl, 


p-nitro phenyl phosphate (1 mg/ml) (Sigma *® Incubator 

104-105) in alkaline phosphatase buffer: | « Multiskan automatic EIA plate reader 
1.59 g NaCO}, 2.93 g NaHCO}, 9.52 mg 

MgCl, made up to 1 litre in double distilled- 

water and adjusted to pH 9.6 


A. ELISA assay for specific IgG 


1. Prepare a suspension of influenza virus (same strain as used for 
stimulation in vitro) at 20—100 pg/ml in PBS containing 0.02% azide, 
and dispense 75 pl into each well of a flat-bottomed non-sterile 96- 
well microtitre tray. 

2. Incubate for 1 h at 37°C. 

3. Recover the virus (which may be used at least 20 times) and store at 
ae. 

4. Wash plates twice with PBS and once with PBS 1% BSA. 
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5. Add 100 wl of 1% BSA in PBS to each well and incubate for 1 h at 
37°C to block the remaining non-specific binding sites. 


6. Wash once with PBS containing 1% BSA. 


7. Add 75 wl of standard (serially diluted from 1:1 to 1:128) to eight 
consecutive wells for the standard curve, and 75 wl of medium or PBS 
containing 1% BSA to three wells for the negative control. Add 75 pl 
of test supernatant to each of the remaining wells. 


8. Incubate for 1 h at 37°C. 
9. Wash the plate twice with PBS and once with PBS containing 1% BSA. 


10. Add 75 wl of alkaline phosphatase conjugated affinity purified goat 
anti-human IgG, diluted in PBS containing 1% BSA. This particular 
antibody can normally be used at 1:1000, and stored at 4°C. To detect 
specific IgM, IgA or IgE, use the equivalent detection antibody of the 
desired specificity. 

11. Incubate at 37°C for 1 h. 

12. Wash twice in PBS and twice in distilled water. 


13. To each well, add 100 wl of p-nitrophenyl phosphate substrate (NPP) 
in bicarbonate buffer pH 9.6 containing 10~* M MgCl, and allow the 
colour to develop (approx. 1 h at 37°C). 


14. Read absorbance on a Multiskan automatic EIA plate reader at 405 nm. 
Results are expressed as ng/ml obtained from the standard curve as 
described in Section 7.1 above. 


B. ELISA assay for specific IgG subclasses 


1. Coat non-sterile flat-bottomed microtitre wells with 75 wl of purified 
influenza virus, block, then add standards and test supernatants as 
described in Protocol 16A, steps 1-9. 


2. Add 75 ul of biotinylated monoclonal antibody to human IgG subclass 
(described in Section 7.2 and Table 8) diluted appropriately in PBS 
containing 1% BSA. Optimal dilutions should be determined for each 
batch of monoclonal antibody. 


3. Incubate at 37°C for 1 h, then wash the plate twice in PBS and once 
in PBS containing 1% BSA. 


4. Add75 wl of alkaline phosphatase conjugated streptavidin and incubate 
at 37°C for 1 h, then wash twice in PBS and twice in distilled water. 


5. Add 100 pl of pnitropheny! phosphate substrate for alkaline phos- 
phatase (NPP) in bicarbonate buffer pH 9.6 and incubate for 1—2 h at 
37°C, or overnight at 4°C for colour development. 


6. Read absorbance on a Multiskan plate reader at 405 nm. 
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Protocol 16. Continued 


Note: In the absence of calibrated standard preparations of specific IgG 
subclass antibodies to influenza virus, it is necessary to express the results 
simply as OD4os, or as Units per ml calculated from a standard curve using 
serum or purified human lg. Under these conditions, it is not possible to 


make quantitative comparisons between IgG subclasses, but by using 
units/ml, it is possible to make valid intra- and inter-experimental com- 
parisons for any one IgG subclass. 
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1. Introduction 


The functions of T cells and cytokines are intimately interlinked. It was not 
until T cell growth factors were defined and subsequently purified, and the 
cDNA encoding it cloned as ‘interleukin 2’ (1), that abundant non-malignant 
T cells could be cultured. The isolation of this and other T cell growth factors, 
now included in the broader category of cytokines, has permitted the de- 
velopment of long-term T cell-lines and clones. T cells can be isolated from 
normal healthy individuals or patients with disease, according to their antigen 
specificity and/or phenotype, and then perpetuated in long-term culture by 
cytokine stimulation. IL-2 is the major T cell cytokine used but certain sub- 
sets of T cells will proliferate in response to other cytokines, some indepen- 
dent of IL-2. For example IL-3 will stimulate most af T cell receptor express- 
ing CD4” CD8° T cells to proliferate, in man and mouse (2, 3). 

T cells are important immunoregulatory cells involved in the activation of 
B cells, macrophages and other T cells, and in suppression and cytotoxicity 
of certain target cells. Many of these functions are mediated (or in the case 
of cytotoxicity enhanced) by cytokines. More than 20 different cytokines are 
known to be produced by T cells upon activation, the range depending on 
the phenotype of the cell. These include CD4* T cells (originally thought to 
be the major T cell producers of cytokines), CD8* T cells (4), and cells 
expressing neither CD4 nor CD8 T cell markers (called double negative cells) 
(Katsikis et al., submitted). The cytokine profiles of these cells are discussed 
below. Although cytokines were first defined as secreted proteins, an increasing 
number have also been detected in a cell surface form, including IL-la, TNF- 
a, TNF-B (lymphotoxin) complexed to LTB, TGF-B, c-kit ligand, TGF-a, 
and M-CSF. The relative functions of the secreted surface and cell forms are 
not completely understood. 


2. Isolation of T cells for analysis of cytokine 
production 


Peripheral blood mononuclear cells (PBMC) consist of T cells (approximately 
50-70% ), B cells (10%), monocytes (10-25%) and natural killer (NK) cells 
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(10%). For a routine mitogen-induced or specific antigen-induced prolifera- 
tion assay of fresh blood derived T cells, PBMC can be used without further 
purification of the T cell fraction (Protocol 1). This provides autologous 
monocytes as antigen presenting cells for antigen specific proliferation assays. 
The effect of various cytokines or anti-cytokine antibodies can then be tested 
on the immune response (see below). 

To determine the ability of T cells to produce cytokines within the PBMC 
population, the T cells should receive a specific stimulus such as anti-CD3, 
as cells other than T cells within this population can also produce cytokines. 
Alternatively, the T cells can be separated from this population, for example 
by rosetting the T cells with sheep red blood cells (SRBC) (Protocol 2) or 
removal of monocytes by adherence to plastic followed by depletion of B cells 
with anti-B cell antibodies (Protocol 3). The T cells can then be stimulated 
in isolation, or with the addition of fixed or irradiated autologous monocytes 
as antigen presenting cells. In addition to isolating T cells from PBMC, T 
cells can be isolated from other body fluids such as synovial fluid (Protocol 
4) or from solid tissue (Protocol 5). Methods for isolating T cells from all 
these sources are described below. 


2.1 T cell separation using a one-step Ficoll gradient 


Protocol 1. Separation of mononuclear cells from peripheral 
blood (at room temp.) 


Equipment and reagents 


ə 15 and 50 ml conical tubes (Falcon) or 25 ml e Benchtop centrifuge 


Universal tubes (Sterilin) ə Complete RPMI medium: RPMI 1640 
e Heparin (Leo Laboratories) (Gibco), supplemented with 10% AB* 
e Hank’s balanced salt solution (HBSS) (Fal- normal human serum (e.g. from National 

con) + 2% heat-inactivated fetal calf serum Blood Transfusion Centre), 2 mM u- 

(FCS) (Biological Industries) glutamine, l 100 U/ml penicillin/ 
ə Lymphoprep sodium  metrozoate-Ficoll streptomycin (Gibco) 

solution (Nycomed) e Haemocytometer 
Method 
1. Fill conical or Universal tubes (depending on blood volume) to one- 

third full. 


2. Add heparin to blood at 5 U/ml. Mix heparinized blood with an equal 
volume of HBSS and layer gently over Lymphoprep by pipetting. 


3. Centrifuge at 200 g for 20 min. 
4. Aspirate off the white buffy coat containing the PBMC at the serum/ 
Lymphoprep interface and pipette into another tube, to no more than 


half volume. Discard the remaining Lymphoprep with the red cell and 
granulocyte pellet beneath. 
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5. Fill aspirated PBMC suspension to the top of the tube with HBSS + 2% 
FCS: 
6. Centrifuge at 400 g for 15 min, to pellet the PBMC. 


7. Discard the supernatant, then wash by resuspending PBMC in HBSS + 
2% FCS. Centrifuge at 200 g for 10 min. Repeat. 


. Finally, resuspend the cells in 5—10 ml complete RPMI; count, using a 
haemocytometer, then dilute further to required concentration (e.g. 
10°/ml). 


Expected yield: we normally expect to obtain 1-2 x 10° PBMC/ml of 
blood, although this can vary, particularly in some disease states. These 
cells can then be separated further into subsets as detailed below. 





Protocol 2. SRBC-rosette formation 


Equipment and reagents 


(In addition to Protocol 1): 

e S-2-aminoethylisothiouronium bromide hy- e 0.2 wm filter (Millipore) 
drobromide (AET; Sigma) e Sterile distilled water 

e Sheep red blood cells (SRBC) in Alsever’s 
solution (Gibco) 


Method 


All steps are at room temp. unless otherwise stated. 


1. Centrifuge SRBC at 400 g, discard the supernatant and resuspend in 
HBSS+5% serum. Repeat three times. 


2. Make up AET at 40 ng/ml, i.e. 2 wg in 50 ml distilled water. Adjust the 
pH to 9.0 and filter to sterilize. This reagent must be made fresh for 
each use. 


3. Add approximately 50 ml AET solution to the SRBC pellet and leave 
for 30 min. 


4. Centrifuge at 400 g. 


5. Discard the supernatant and resuspend in HBSS + 5% serum. Wash 
3 times. 


6. Resuspend in 20 ml of complete RPMI. 


7. Adjust the concentration of Lymphoprep-separated PBMC to 10’/ml 
in RPMI + 10% human serum. 


8. Add a 1/10 to 1/20 vol. of the AET-SRBC suspension and mix gently 
but thoroughly. Leave for 1 h. 
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Protocol 2. Continued 


9. Centrifuge at 400 g for 10 min. 


10. Leave the pellet at 4°C overnight. 


11. Decant the supernatant, swirl the pellet by hand and resuspend in 
15 ml of medium. 


12. Overlay on to 30 ml of Lymphoprep and spin at 800 g for 20 min. 


13. Harvest the E* cell fraction (T cells), which is the pellet, by lysing the 
SRBC in ammonium chloride lysis buffer. 





2.2 Negative B cell depletion using immunomagnetic 


beads 


We recommend use of the protocol provided by Dynal with their reagents. 
Essentially this involves direct coupling of the magnetic beads with mono- 
clonal antibodies which distinguish lymphocyte subsets. This is followed by 
separation in a magnetic field to remove the targeted cells. In our experience, 
this method of cell separation works better for negative rather than positive 
selection. 


Protocol 3. Preparation from synovial fluid (SF) 


Equipment and reactions 

e 25 ml heparinized Evans bottles e HBSS + 2% FCS (see Protocol 1) 
e Heparin e Ficoll gradient (see Protocol 1) 

e Centrifuge 


Method 


1. Collect SF in 25 ml heparinized Evans bottles. Add extra heparin to SF 
to 5 U/ml to prevent clotting. 


2. Centrifuge hard at 400 g for 15 min to pellet the white cell infiltrate. 


3. Aspirate off the supernatant (which can either be stored at —20°C or 
discarded). 


. Wash cells by resuspending the pellet in the same tube in 20 ml of 
HBSS + 2% FCS. 


5. Centrifuge at 200 g for 10 min. Repeat. 


6. Separate mononuclear cells from other cells on a one-step Ficoll 
gradient as in Protocol! 1. 
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Protocol 4. Preparation from solid tissue, e.g. synovial membrane, 
by enzymatic digestion 


Equipment and reagents 


(In addition to Protocol 1): 

e Enzymes: 5 mg/ml collagenase (Boehringer) 
+ 0.15 mg/ml DNase (Sigma) i.e. for a 20 
ml solution, weigh 100 mg of collagenase 
and 3 mg of DNase 

e Dulbecco's MEM + 1% Gentamicin (Gibco) 
+ 1% FCS 


e Sieve beaker (glass beaker with nylon mesh 
taped over) 

e Conical flask 

e 20 ml and 5 ml syringes (Becton Dickinson) 

e Scissors/forceps 

e 9 cm Petri dish (Nunc) 


0.2 uM filter (Millipore) 


Oo 
e RPMI + 1% Gentamicin + 5% FCS e 50 ml conical tube 


Method 


1. 


Wash the tissue with minimal essential medium (MEM), if contamin- 
ated with blood, then chop up into approximately 0.5 mm pieces, in 
10 m! MEM in a Petri dish. 


. Put the tissue into the flask and filter enzyme mixture over it. 


. Incubate in a 37°C waterbath, shaking intermittently, for 1—2 h depend- 


ing On consistency (keep checking). 


. Remove flask when tissue is broken down and shake vigorously by 


hand to break up remaining clumps for approx. 5 min. Add approxi- 
mately 30 ml MEM to the flask to prevent further enzyme activity. 


. Pipette the suspension in small volumes on to the sterile sieve beaker, 


and wash through with MEM. It is usually necessary to use the plunger 
of a 5 ml syringe to push the cells through the mesh. 


. Pipette the suspension into a 50 ml conical tube, dilute further with 


MEM and centrifuge at 200 g for 10 min at 4°C. 


. Discard the supernatant and resuspend the cells in MEM. Centrifuge 


and wash twice. 


. Resuspend the cells in MEM, and count. 
. If there is sufficient cell yield (see below), mononuclear cells can now 


be separated on Ficoll as in Protocol! 1. 


Expected yield: this can vary enormously depending on the size, cellular- 
ity and quality (e.g. freshness) of the tissue sample. 


3. Analysis of T cell cytokine production 
The wide spectrum of T cell cytokine production, which include IL-la, IL-2, 


IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-13, GM-CSF, TGF-a, 
TGF-81, TGF-82, TNFa, TNF, and IFNy, sometimes makes their analysis 
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difficult compared to those of other cell types such as macrophages. This 
problem is accentuated by the lesser quantity of cytokines sometimes pro- 
duced by T cells. 

One type of assay useful for screening purposes is that of cytokine mRNA. 
For normal T cells, a good correlation has been detected between mRNA 
levels and protein produced (5). The exceptions (mRNA, but little protein) 
are due to immunoregulatory effects (e.g. effects of TGF-B2 or of drugs). 

The advantage of mRNA assays is their relative simplicity: multiple cytokine 
mRNAs can be assayed using the same Northern blots if the appropriate 
probe is available. The blots can be reprobed many times, e.g. up to ~ 10 
times, and stored for use in the future with cytokines which may not yet be 
defined. A further advantage is that the mRNA assays are molecule-specific, 
in marked contrast to most of the currently used bioassays which demonstrate 
the presence of protein. 

mRNA assays also have certain disadvantages. Northerns require a larger 
amount of mRNA, from 10°-10’ cells (usually 10’), depending on mRNA 
abundance, while slot-blots require fewer cells, about 1-2 x 10°. Northerns 
however provide more precise information (6), for example, the length of the 
mRNA can be established by Northern but not by slot- or dot-blot analysis, 
to verify the identity, and cytokines with different message sizes can be 
detected simultaneously. In addition, slot- or dot-blots can be marred by non- 
specific hybridization. Most importantly, the presence of mRNA does not 
unambiguously demonstrate the release of functional protein available for 
signalling. Detailed protocols for analysis of cytokine mRNA are given in 
Chapters 3, 4, and 5. 

The polymerase chain reaction (PCR) has several advantages over the 
study of mRNA by Northern blot analysis. Chiefly, very little mRNA is 
needed, and therefore very few cells, sometimes only one. In addition, the 
appropriate probes, specific oligonucleotide primers, are easily and relatively 
cheaply obtainable, and are now commercially available in kits which cover 
most of the cytokines produced by T cells (e.g. from Stratagene). A unique 
advantage to this technique is the possibility of storing cDNA obtained from 
different cell types for use in the cloning of as yet undefined cytokines, 
particularly when novel activities are described in supernatants or biological 
fluids. But the extreme sensitivity of the PCR technique also creates dis- 
advantages. A small contamination of the test sample will lead to false 
positive results. Protocols for RT-PCR measurement of cytokine mRNA are 
given in Chapters 4 and 5. 

Additional techniques which provide useful information are the study of 
mRNA by in situ hybridization, intracellular protein accumulation by im- 
munofluorescence, using flow cytometry or immunohistochemistry. Using 
double staining these techniques can identify which cells are transcribing, 
producing and/or secreting the relevant cytokine. These techniques can 
be used to analyse cytokine/cellular interactions in tissue, in addition flow 
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cytometry is useful for quantitating cytokine production by specific cells (7). 
Detailed protocols for this are found in Chapters 4 and 5. 

Immune binding assays have become increasingly popular, due to the 
availability and use of recombinant cytokines to generate specific polyclonal 
antisera and monoclonal antibodies. With the appropriate calibration, these 
can be sensitive to 10 pg/ml or less, well within biologically relevant ranges. 
These assays (radioimmunoassays, ELISA, or more recently luminescence or 
fluorescence assays) have many advantages. These can be used to detect 
cytokines in biological fluids in the presence of potentially toxic constituents. 
If appropriate standards are used, they are quick and sensitive, and are 
molecule-specific, e.g. IL-la and IL-18 can (and need to) be assayed separately. 
Detailed protocols are given in Chapter 22. 

These binding assays are all quantitative, and allow the analysis of cytokine 
production by a specified number of stimulated cells. A more qualitative 
method of determining cytokine production is the ELISPOT, which will 
detect cytokine production at the single cell level (8). Using this method 
‘spots’ of colour represent cytokine production by one cell, therefore the 
proportion of cells producing a particular cytokine in response to either an 
antigenic or mitogenic stimulus can be determined. As these spots can be 
enumerated, ELISPOT is quantitative in terms of the number of high pro- 
ducing cells, but not in terms of total cytokine production. A detailed 
protocol is given in Chapter 20. 

In general, however, binding assays are restricted in their use. Although 
they quantitatively detect levels of cytokine protein produced, their major 
limitation is that they provide no indication of the bioactivity of the cytokine. 
An important difference can readily be detected by bioassays and binding 
assays, e.g. with TNFa, which can be inhibited by TNF-binding molecules 
present in normal and pathological body fluids derived from the extracellular 
domain of the TNF receptors. For other cytokines there are also discrepancies 
between levels of immunoreactive protein and bioassay levels which again 
may be due to the production of soluble receptors now known for IL-2, IL-4, 
IL-6, IL-7 (9), IFN-y (10), and TNF (11). It seems likely that as more 
receptors are defined and cloned, more cytokine binding proteins and inhibi- 
tors will be defined. In addition, in rheumatoid arthritis, for example, 
rheumatoid factors (anti-IgG) may interfere with binding assays, especially 
those involving rabbit antibodies. Binding assays are described in Chapter 22. 

For the above reasons, the most important cytokine assays remain bio- 
assays, which evaluate the levels of functional and active protein, but not 
cytokines denatured or neutralized by inhibitors. These assays are also not 
without their limitations. The first is molecular specificity. The well-known 
murine thymocyte co-stimulation assay, initially thought to be an IL-1 assay, 
can detect murine IL-la and B, IL-2, IL-4, IL-6, IL-7, and TNF-a and 
almost as many human cytokines. However, bioassays can be rendered 
molecule-specific by the use of neutralizing antibodies. These can establish 
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cytokine identity but if multiple cytokines are present, accurate quantitation 
is very difficult. In addition it is important to maintain a wide range of 
sensitive cells for different assays: cell lines may drift in sensitivity, and 
may need to be recloned and selected which can be time-consuming and 
expensive. 

The methods described for cytokine detection and analysis all have advan- 
tages and disadvantages, and thus, when possible, use of several assays will 
provide more useful and reliable information. For instance, there are con- 
ditions in which small amounts of a biologically active cytokine are detected, 
but a comparatively large amount of MRNA expressed (12). 


4. Cytokine production by T cells of different 
phenotypes 


T cells are a varied set of cells comprised of numerous phenotypes, according 
to their stage in maturation, activation state or lineage. For example normal 
PBMC consist of a majority of CD45RO-positive T cells expressing either 
CD4 or CD8 markers and a minority of double-negative (CD4~ CD87) and 
double-positive (CD4* CD8"*) cells. These different subsets may respond to, 
or secrete different cytokines. Monoclonal antibodies specific for subset 
markers can be used for their identification and isolation. 


4.1 Cytokine production by CD4* cells 


By analysing the cytokine production profile (at both the mRNA and protein 
levels) of a number of well-established murine CD4* T ‘helper’ cell clones, 
Mosmann and colleagues described two groups of clones (13). One was 
named ‘Th,’ which secrete IL-2, IFN-y and TNF-B, but not IL-4, IL-5, or IL-6 
while the other, labelled ‘Th,’ cells, had a reciprocal cytokine secretion 
profile. These different subsets display functional differences which correlate 
with their cytokine profile; Th,-type cells mediate delayed type hypersensitivity 
reactions and help B cells produce [gG2a, whereas Thp-type cells help B cells 
particularly in the production of IgG1 and IgE antibodies. Precursors to the 
Th,/Th2-type cells have subsequently been described according to their cyto- 
kine profile. So called ‘Tho’ cells secrete all the above cytokines, and are likely 
to be a consequence of short-term activation of ‘Thp’ (precursor) cells, which 
only secrete IL-2 on activation [see (14) for review]. Although these function- 
ally distinct T cell subsets were originally described in the mouse, human T 
cell clones have also been shown to have a similar, but not identically re- 
stricted cytokine profile. Th,- and Th-type cells in the human are usually 
defined according to the ratio of IFN-y to IL-4 production, as other cytokines 
which are restricted to a Th,/Th) subset in the mouse show no similar 
restriction in the human. IL-10 for example, is produced exclusively by Th- 
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type cells in the mouse (15), but is produced by both Th, and Th» subsets in 
the human (16, 17). This has interesting implications: Th, cells, usually 
thought of as pro-inflammatory, become anti-inflammatory if the ratio of 
IL-10 to IFNy (Katsikis et al., submitted) is high. 


4.2 Cytokine production by CD8* T cells 


Despite the earlier belief that CD4* cells were the chief cytokine producers, 
it is now well established that CD8* cells can also produce abundant cyto- 
kines [4]. Indeed, CD8* cells can also be split according to their cytokine 
profile into “Th,/Th,’ in both mouse and man. Whether the levels of cytokines 
produced are equal to those of CD4* cells has yet to be established. As with 
CD4* cells the production of cytokines by CD8* T cells will also determine 
their function. For example, IFN-y production by Th,-type CD8* cells is 
likely to synergize with their cytotoxic function, since IFN-y will upregulate 
class II [18] rendering the target cells more susceptible to lysis. 


4.3 Cytokine production by CD4~ CD8™ af T cells 


We have recently shown that the majority of human CD4~ CD8™ aß T cells 
have a Th, phenotype in that they can produce high levels of IL-4 and low 
levels of IFN-y. In addition these cells can make IL-10 (Katsikis et al., 
submitted), when given the approximate stimulation. 


4.4 Cytokine production by yò T cells 


Like aß T cells, yò T cell receptor-expressing cells can be stimulated to 
secrete a variety of cytokines which include IL-2, IFN-y, IL-5, TNFa, and 
GM-CSF. However, it has yet to be established whether they fall into distinct 
categories like the Th,/Th2/Tho subsets of the aß T cell lineage (19). 


4.5 Optimization of cytokine production in response to 
various stimuli 


T cells have exquisite specificity in terms of recognition of antigen. However 
it is commonly believed that in terms of effector function, T cells are not 
specific in their response, liberating whatever cytokines they are capable of 
producing. Conversely we (unpublished observations) and others (20) have 
noted differential production of cytokines depending on the nature of the 
stimulus, suggesting that different cytokines use at least partly separate 
signalling pathways. 

Further considerations in optimizing T cell stimulation conditions are the 
length of time the cells are stimulated and the concentration of cells used. 
Different cytokines peak in their mRNA and protein production at different 
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times, after which the cytokine may be stable in solution or removed, for 
example by being consumed by proliferating cells or binding to soluble re- 
ceptor. Therefore the optimal time for harvesting cells after stimulation is 
dependent on the cytokine being analysed. In addition, although a higher 
concentration of cells will produce a high concentration of cytokines there 
will also be a higher rate of cytokine consumption. In general we use 1 X 10° 
T cells/ml and harvest 24 h after stimulation, since this time point is sufficient 
to detect most cytokines. 


5. Cytokine production of antigen specific T cells 


T cells can vary in cytokine production according to their antigen specificity 
(e.g. see Protocol 5). For example, mycobacterial antigen specific clones are 
predominantly high IFN-y, low IL-4 producers (Th, type) (21) whereas T 
cells reactive to allergens such as house dust mite are predominantly high IL- 
4 low IFN-y producers (Th, type) (20). 


6. Effect of cytokines on T cells 


Cytokines have profound effects on T cells. The parameter most clearly 
documented is T cell proliferation, but that is not the only effect. T cell 
activation, detected through cytokine production and cytotoxicity, is also 
influenced either in a positive way, for example by IL-2 and IL-7, or a 
negative way by TGF-B and IL-10. 


6.1 Regulation of T cell growth 


IL-2 was purified, defined and cloned on the basis that it induced T cell 
growth very effectively. Indeed, for several years it was the accepted dogma 
that IL-2 was the only T cell growth factor. However, it has become increasingly 
clear that other cytokines can regulate growth depending on the type of cell. 
For example the CD4~ CD8-«f* population can grow independently of IL- 
2 (2, 3). Within the murine CD4* T cell subsets a cross-regulatory system 
has been identified; Th,-type cell growth is enhanced by Th,-type cytokines 
such as IFN-y and inhibited by Th)-type cytokines such as IL-4 (22, 23). 
Conversely, Thz-type cell growth is enhanced by IL-4 and inhibited by IFN- 
y. Similarly, in humans cytokines produced by both subsets can also regulate 
the T cell response. For example, human IL-10, produced late in T cell 
activation, can directly inhibit Th,- and Th)-type cell proliferation (24) and 
IL-3, produced by both Th,/Thp-type cells, acts as a growth factor for CD47 
CD8aB* T cells, but not CD4* or CD8* cells (2). 
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Protocol 5. Establishment of tetanus antigen-specific T cell lines 


Equipment and reagents 


(In addition to Protocol 1): 

e Tetanus toxoid vaccine (TT; Wellcome), di- 
alysed for 24 h against PBS to remove the 
thiomersal BP toxic preservative, filtered to 
re-sterilize and stored at 4°C 

e [PH]-thymidine (Amersham), stock solution 
made to 1 mCi/ml 

e Recombinant human interleukin-2 (riL-2) T 
cell growth factor 


A. Primary T cell-line 


Humidified CO, incubator 

137Cs source 

Benchtop centrifuge 

24-well tissue culture plate (Falcon) 
96-well (round-bottomed) microtitre plate 
(Nunc) 

e 20 Terasaki tissue-culture plates (Nunc) 

e 6-well plates (Falcon) 

e 15 ml conical tube 


1. Adjust concentration of PBMC, prepared as in Protocol 7, to 10°/ml in 
complete RPMI (for example, a total of 107 cells in 10 ml). These PBMC 
can be either freshly prepared or thawed from liquid nitrogen storage. 


2. Pipette 2 ml of the cell suspension into each of five wells of the 24- 


well plate (i.e. 2 x 10° cells/well). 


3. Add 1 TT to four of the five wells, with a different dilution to each; for 
example, 1/50, 1/100, 1/200, 1/400 of the stock solution. Leave the fifth 
well as a control, i.e. no tetanus. This is because individuals vary in 


their sensitivity to TT. 


4. Incubate the cells at 37°C in a humidified CO, incubator for 6 days. 


5. Pipette the cells of each well gently to re-suspend and remove a 100 pl 
aliquot from each, including the fifth ‘control’ well, for measurement 


of T cell proliferation. 


6. Place each aliquot into one well of a 96-well microtitre plate. 


7. Pulse each well with 10 wl of (3H) thymidine (10 pl Ci) and incubate 


at 37°C for 8 h. 


8. Harvest and measure incorporation of radioactivity by scintillation 


counting. 


9. Select the well containing cells with the highest proliferation rate to 


establish a long-term line. 


10. Add recombinant IL-2 to the selected culture to a final concentration 
of 10 ng/ml. This will promote the growth and expansion of T cells 
previously activated by tetanus antigen. 


11. Return cells to the incubator for a further 7 days. 


The cells are now ready for secondary stimulation with antigen and feeder 


cells. 
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Protocol 5. Continued 


B. Preparation of autologous feeder cells for antigen presentation 


a 1. Use as autologous feeder cells prepared PBMC of the same donor as 
the T cell-line. Irradiate the PBMC cell suspension (at 5 x 10° cells/ml 
in complete RPMI) with a sublethal dose of 4000 rads from a '°’Cs 
source. This will prevent feeder cell growth and division which would 
contaminate the T cell-line. The ratio of feeder cells to T cells used is 
2-5: 1 (i.e. 2-5 x 10° feeder cells to 10° T cells). 


2. Adjust feeder cell suspension to the required concentration (e.g. 2 x 
10° cells/ml). 


3. Pipette 1 ml vol. into each of four wells of a 24-well plate (i.e. 2 x 10° 
cells/well). 


4. Add the appropriate concentration of tetanus antigen, determined on 
day 6. 


C. Restimulation of the primary T cell-line 
1. Suspend the 2 wells of T cell-line by gentle pipetting, transfer to a 
15 ml conical tube and centrifuge at 400 g. 


2. Re-suspend the cells in 4 mi fresh complete RPMI and divide this into 
the four wells of the 24-well plate containing autologous feeder cells 
and antigen (tetanus) to a total volume of 2 ml. No IL-2 is added at 
this stage. 


3. Incubate for 7 days. 
4. Add rlL-2 to 10 ng/ml. 


D. Long-term maintenance of the T cell-line 


The cells can now be maintained by alternate weekly cycles. In the first 
week the cells receive antigen plus feeder cells prepared above in (B) 
together with rlL-2. In the second week the cells receive IL-2 alone. 


Protocol 6. Establishment of T cell clones by limiting dilution 


N.B. Incubator for cloning needs to be optimally humidified to prevent 
desiccation 





Equipment and reactions 


(In addition to Protocol 1): 


e riL-2 (10 ng/m!) e Tetanus antigen 
ə 15 ml conical tube e Terasaki plates 
e Benchtop centrifuge e Phase-contrast microscope 


e Universal tubes 


190 


11: T cells and cytokines 


Method 


1. 


Re-suspend the primary T cell culture selected for the highest prolifer- 
ation. 


2. Count the cells and pipette the suspension into a 15 ml conical tube. 


3. Centrifuge at 400 g for 10 min. 


. Discard the supernatant and resuspend the cells in fresh complete 


RPMI, to a concentration of 3 x 10% cells/ml. 


. Dilute an aliquot of these cells by serial dilution to obtain cells at a 


working concentration of 300 and 30 cells/ml (i.e. 100 wl in 10 ml, then 
a further 1/10 dilution). 


. Prepare autologous feeder cells as above and adjust the concentration 


to 10° cells/ml. 


. Add T cells and feeder cells together in a ratio of 1:1 in two Universal 


tubes (i.e. 10 ml feeder cells +10 ml of T cells per tube). Feeder cells 
are now at 5 x 10° cells/ml; and T cells at 1.5 x 10? and 1.5 x 10! 
cells/ml. Invert several times to thoroughly mix the cells. 


8. Add tetanus antigen to each tube to working dilution. 


9. Pipette 20 wl of the suspension into each well of the Terasaki plates. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


There should now be 10 plates for each final concentration of either 
3 or 0.3 T cells/well, with 10* feeder cells/well. Incubate the cells as 
before for 7—12 days. 


Screen by phase contrast microscopy from day 7 for growing colonies 
and note the positions of the positive wells. 


Resuspend the cells in positive wells and transfer to wells of a 96-well 
plate for expansion. 


Add to each well 30 wl complete RPMI, and a 50 pl mixture of feeder 
cells at 2 x 10° cells/ml (i.e. 10° cells/well), tetanus antigen, and rlL- 
2 (10 ng/ml), final volume 100 ul. 


Incubate for 7 days. 


Add 50 wl riL-2 (of 3 x working dilution) to each well. Incubate for 7 
days. 


Add 50 ul mixture of feeder cells at 2 x 10°/ml, tetanus antigen and 
riL-2 (at 4 x working concentration). Incubate for 7 days. 


Check wells at each stage for T cell growth. Further expansion into 
24-well plates followed by 6-well plates can be done with appropriate 
numbers of cells and reagents at any alternate feeding stage if cells 
have reached maximum growth. For 24-well plates, transfer in a final 
volume of 2 ml, approx. 2-5 x 10° T cells and 10° feeder cells/well, 
antigen, and rlL-2 to 10 ng/ml. 
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Protocol 6. Continued 


17. When T cell clones have reached sufficient numbers of cells they can 
be examined for mitogen and antigen reactivity as well as their cytokine 


physiology. 


Comments 


The starting frequency of tetanus-specific T cells in the PBMC population 
will greatly influence the number of positive colonies in the concentration 


range recommended for placing into Terasaki plates. This can only be 
determined by trial and error with blood from individual donors. Recently 
primed donors (less than 1 year) are usually highly responsive. 





6.2 Variations on cloning technique 


(a) Analternative cloning method after selection of an antigen-primed culture 
is to expand clones non-specifically using the anti-T cell monoclonal anti- 
body OKT3 hybridoma available from American Tissue Culture Collection 
(ATCC). This is pre-absorbed on to the irradiated feeder cells which, 
because the T cells are separated clonally, can be from an irrelevant 
donor mismatched for HLA. This can be prepared, for example, by a 30 
min incubation of 10° feeder cells with 5 ul of a 100 pg/ml stock solution 
at 4°C, followed by one wash in complete RPMI. 


(b) The pan-T cell mitogen phytohaemagglutinin (PHA) is also used instead 
of OKT3 by some workers for non-specific expansion of primed T cells 
and it appears that both methods work equally well. This non-specific 
expansion gives greater flexibility to the choice of feeder cells, which is 
vital when donor supplies are short. Antigen-specific reactivity can then 
be tested using autologous feeder cells when convenient. This pro- 
cedure 1s useful if the antigen 1s either unknown or rate limiting, as in 
the case of autoantigens. 


(c) With large numbers of feeder cells available, it is possible to clone 
directly into 96-well plates, with the same T cell numbers as in Protocol 6, 
but with feeders at 10° cells/well. For 10 plates, for example, this would 
require 10° feeder cells for each feeding cycle. 

(d) It may also be preferable to expand non-specifically with PHA from the 
start if antigen reactivity is not a priority and T cell subsets have been 
isolated for clonal expansion by, for example, FACS. If there are insuffi- 
cient cells for FACS sorting from the starting PBMC, these can be 
expanded first for 7 days with PHA + IL-2. 


6.3 Isolation of autoreactive T cells 


T cells reactive to self antigens such as thyroglobulin and thyroid peroxidase 
(TPO) (autoantigens specific to the thyroid gland) may be at least in part 
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responsible for initiation and or perpetuation of autoimmune disease. Isola- 
tion and characterization of these cells is therefore of importance. However, 
these T cells are difficult to isolate for various reasons. At the time of disease 
presentation, these T cells may be in too low a frequency to detect, or may 
be suppressed by factors in the surrounding environment. For example, TGF- 
B (25), and IL-10 [18] are both produced in abundance by synovial membrane 
cells of rheumatoid arthritis patients and are implicated in T cell suppression. 
These factors may therefore inhibit detection of autoantigenic T cells. Novel 
methods may therefore be required for the detection of autoantigen-specific 
cells. We have recently described a protocol which enables the detection of 
TPO-specific clones, using autologous Epstein-Barr virus (EBV) transformed 
B cells, transfected with TPO antigen as antigen presenting cells (26). Using 
this method enabled the detection of TPO responsive clones which were 
previously undetectable using autologous EBV transformed B cells as antigen 
presenting cells and recombinant TPO. This method may be useful in the 
detection and isolation of other autoreactive T cells which have previously 
proved difficult to isolate. 


6.4 Regulation of activation 


The cytotoxic activity of T cells is a complex phenomenon. Elucidation of its 
mechanism has preoccupied many groups, and has led to the definition of 
three mechanisms which are not mutually exclusive. Cytotoxic activity can 
involve release of pore forming molecules, ‘perforins’, which introduces itself 
into the membrane and assembles to form pores, granule enzymes, ‘granzymes’, 
which are serine proteases, or cytotoxic mediators such as TNF-a and 
TNF-B. Cytostatic cytokines such as the IFNs may also play a part. 
Cytotoxic activity is not constitutive, and has been reported to be inducible by 
triggering of the T cell receptor. However, IL-2, IL-4, IL-7, and IFN-y have 
also all been shown to be able to induce cytotoxic activity in suitable cells. 


6.5 Measurement of T cell growth in response to 
cytokines and antigen stimulation 

T cell growth can be measured in a variety of ways depending on the assay 
involved. T cell proliferation assays are often performed in flat- or round- 
bottomed 96-well microtitre plates in which different stimulating cytokines or 
antigens can be placed, in varying concentrations. These 96-well plates are 
especially useful since they allow multiple replicates and serial dilutions to be 
tested. 


6.6 T cell proliferation—direct [*H]thymidine 
incorporation 

Measurement of [*H]thymidine incorporation is commonly taken as an in- 

dicator of T cell activation, growth, and cell division. This can be following 
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cytokine, mitogen, and antigen stimulation. The tetanus response in Protocol 
5 is an example of the latter. It is usually wise to optimize concentration of the 
stimulus and the time of the peak of the response. 


6.7 IL-2 release bioassay 


Antigen-induced T cell activation can also be determined by measurement of 
IL-2 release. The culture supernatants of each well can be removed and 
added to a second 96-well plate containing the mouse cell-line HT2, which 
proliferates in the presence of human IL-2. This proliferation can then be 
measured by [ H]thymidine incorporation. The HT2 cells should be prepared 
as follows: 


Protocol 7. IL-2 stimulation of CTLL-2 cells (ATCC) 


Equipment and reactions 


e RPMI + 10% FCS, 2 mM sodium pyruvate e Benchtop centrifuge 
(Sigma), 50 U/ml IL-2, 2 mM L-glutamine, e 96-well plates 
100 U/ml penicillin/streptomycin e T cell culture supernatant 
e CTLL-2 cells e Humidified CO, incubator 
e [H]thymidine e Liquid scintillation counting system 


Method 
An alternative cell line is the HT2 cell-line (ATCC) 


1. Grow CTLL-2 cells in RPMI + 10% FCS, 2 mM sodium pyruvate (Sigma), 
50 U/ml IL-2, 2 mM t-glutamine, and 100 U/ml penicillin/strepto- 
mycin. 


. Grow cells to a concentration of 1 x 10% cells/well and feed at 3 to 4 
day intervals. 


. Two to three days after the last feeding centrifuge at 400 g for 10 min. 
. Resuspend in fresh RPMI/FCS. Repeat. 


. Place 100 ul aliquots of CTLL-2 cells at 4 x 10% cells/ml into wells of 
a 96-well plate (to give 4 x 10° cells/well). 


. Add 100 wl of T cell culture supernatant (neat, or in serial dilution) and 
IL-2. 


7. Incubate at 37°C in a humidified CO, incubator for 24 h. 


8. Pulse each well with 10 ul containing 10 uCi of [H]thymidine for 48 h. 


9. Harvest and count radioactivity by liquid scintillation counting. 


. Compare the values obtained with a standard curve of CTLL-2 cells 
assayed with rlL-2 at concentrations ranging from 0.001—200 ug/ml. 
Note: this cell line also responds to murine IL-4, but not human IL-4. 
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Conclusions 


T cells are a major source of cytokine production, and their function as 
‘leader of the immunological orchestra’, as envisaged by Dick Gershon, is 
chiefly mediated by cytokines. The way in which this is achieved is as complex 
as the properties of the T cells themselves. As yet we have only a very 
rudimentary knowledge of how cytokines influence T cells and how T cells 
selectively release certain cytokines in response to diverse stimuli. Achieving 
an understanding of these activities will considerably augment our under- 
standing of how the immune system is regulated. 
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The generation and quantitation of 
cell-mediated cytotoxicity 


ELIZABETH GRIMM and WILLIAM LOUDON 


1. Introduction 


Cell-mediated cytoxicity (CMC) is defined as the process by which a cell of 
the immune system directly kills another cell. CMC is composed of a specific 
series of events occurring between an effector cell (lymphocyte or monocyte) 
and a susceptible target cell which ultimately results in the delivery of a ‘lethal 
hit’ by the effector to the target cell. An obligate event in CMC, which dis- 
tinguishes it from other modes of immunologically mediated target cell killing 
(e.g. complement-mediated cytolysis) is intimate cell membrane contract 
between the effector and the target, referred to as conjugate formation. This 
brief chapter will be restricted solely to the description of lymphocyte- 
mediated CMC systems. Many excellent reviews cover the complicated 
processes which encompass effector cell-mediated recognition, conjugate 
formation, triggering, and delivery of the lethal hit ultimately resulting in the 
death of the specific target (1, 2). 

Lymphocyte populations capable of expressing CMC can be divided into 
two major categories based upon the target structures recognized by the 
effector population: major histocompatibility complex (MHC)-restricted and 
MHC-unrestricted killer cells. 

Classical cytotoxic T lymphocytes (CTL) mediate antigen-specific, MHC- 
restricted cytolytic activity, presumably through the interaction of the T cell 
receptor with a specific processed target antigen presented by the appropriate 
MHC structure. The generation of these MHC-restricted effector lympho- 
cytes requires the co-ordinated assistance of accessory cell populations in 
order to educate and mature the T killer. In contrast, MHC-unrestricted 
cytotoxic effectors exhibit the inherent capacity to recognize an as yet un- 
determined characteristic(s) of certain ‘abnormal’ cell populations. As the 
name implies, the recognition process is independent of MHC, demands 
no prior antigen presentation, and requires no known interaction with 
accessory cells. Natural killer (NK) and lymphokine-activated killer (LAK) 
cells represent the major effector types expressing lymphocyte-mediated, 
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MHC-unrestricted cytotoxicity. Considerable controversy remains surround- 
ing attempts to unambiguously distinguish NK and LAK, based upon pheno- 
typic or morphologic criteria. We and others have proposed that a definition 
based solely upon activation requirements, and the resultant expression of 
differential susceptible target spectra, offers the most practical distinctions 
(3). Natural killer cells are endowed with the inherent capacity to spon- 
taneously kill a defined target spectrum including some haematological neo- 
plasms (Figure la) (NK may play an additional role in inhibiting the vascular 
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Figure 1. Killing of the NK-sensitive target K562(a), and the NK-resistant target Daudi (b) 
by LAK (PBL+I!L-2, 4 days of activation) and by fresh PBMC from the same donor. 
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spread of metastatic emboli), virally infected tissues, and may play a role in 
controlling haematopoiesis (4). Although NK cells are not known to require any 
activation prior to expression of their lytic activity, cytokine augmentation 
of NK potency is well-documented. In contrast, LAK manifest an absolute 
dependency upon activation prior to the induction of their unique capacity 
to recognize both NK-sensitive (Figure la), as well as a broad spectrum of 
NK-resistant targets (Figure 1b), including both fresh and cultured tumours 
growing in suspension or adherently, embryonal tissues, virally infected tis- 
sues, tissue culture- and chemically-modified cells. Maintenance of this lytic 
potential as well as expansion of the lytic population is likewise dependent 
upon a continuing source of activation stimuli. We therefore hypothesize that 
LAK may represent one part of an inducible limb of the immune system, in 
which, when the local environment provides the appropriate quality and 
quantity of activation signals, prior effector functions may be overridden and 
a new, broad spectrum target recognition system may be evoked. As such, 
even antigen-specific CTL and NK may be driven to acquire lytic activity 
against an entirely new, MHC-unrestricted target spectrum. 


2. Techniques for the isolation of lymphocyte 
populations 


2.1 Isolation of PBMC, PBL, or LGL 


Peripheral blood mononuclear leukocytes (PBMC), derived from venu- 
puncture or leukophoresis in the presence of anti-coagulants (e.g. heparin, 
EDTA, etc.) can be isolated by sedimentation on gradients such as Histo- 
paque 1077 for human (or rat) cells or Lympholyte-M for mouse blood 
(Sigma). (See also Protocol 2, Chapter 10 and Protocol 1, Chapter 11.) 





Protocol 1. Isolation of PBMC, PBL, or LGL 


Equipment and reagents 


e Anti-coagulated blood e Sedimentation gradient (Histopaque 1077 
e Ca?t/Mg?* deficient Hank’s balanced salt for human or rat cells, Lympholyte-M for 
solution (HBSS) mouse blood; Sigma) 


e Cell centrifuge 


Method 


1. Dilute the anticoagulated blood (1:2 blood to Ca?*/Mg?* deficient 
Hank’s balanced salts solution (HBSS) for venupuncture-derived and 
1:4 for leukophoresis-derived blood) and then layer over the gradient 
material as per manufacturer’s instructions, and centrifuge. 


2. Aspirate the ‘buffy coat’ cellular interface and wash twice in HBSS. 
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Protocol 1. Continued 


3. To eliminate contaminating platelets, the cell suspension may be sub- 
jected to slow-speed centrifuge runs until contaminating platelets are 
no longer evident microscopically (150 g for 10 min; aspirate super- 
natants to avoid losing the weakly packed pellet). 


We find that platelet contamination can significantly inhibit lymphocyte 
activation, presumably through platelet-derived immunosuppressive 
agents such as the transforming growth factors. PBMC can be directly 
cultured or further enriched for effector cell precursors. Peripheral blood 
lymphocytes (PBL) are prepared from PBMC by plastic and nylon wool 
depletion of monocytes and B cells, respectively (5). 


Protocol 2. Preparation of peripheral blood lymphocytes 


Equipment and reagents 


e Complete medium (complete defined  e Tissue-culture grade plastic flasks (e.g. 175 
serum-free medium and/or serum contain- cm?) 
ing complete medium) e Cell centrifuge 


e Sterile, pre-washed nylon wool 


Method 


1. Dilute PBM to approximately 10’ cells/ml in complete medium (either 
serum-supplemented growth medium or complete, defined serum-free 
medium) and incubate on tissue culture grade plastic (e.g. 20 ml into 
a 175 cm? flask) for 1 h at 37°C. 


. Aspirate non-adherent cells and gently wash adherent cells with warm 
medium to collect remaining non-adherent cells. 


. Pellet the non-adherent cells and resuspend to 5 x 10’ cells/ml. 


4. Incubate for 1 h at 37°C on sterile, pre-washed nylon wool which has 
been pre-incubated with serum-containing complete medium (0.6 g of 
nylon wool per 10® cells). 


. Following incubation, aspirate the non-adherent cells, and gently wash 
the nylon wool with warm medium to recover residual non-adherent 
cells. Plastic adherence followed by nylon-wool depletion significantly 
enriches for lymphocytes expressing T cell and NK phenotypic markers. 


At this point, PBL can be further segregated into populations with differing 
morphologies based upon cell densities following the procedure of Timonen 
et al. (6). 
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Protocol 3. Cell density purification 


Equipment and reagents 


e Percoll (Pharmacia) adjusted to 290 osmol/ œ» Cell centrifuge 
kg with 10 x PBS e RPMI medium containing 0.75% BSA 
e 50 ml conical polystyrene centrifuge tubes e Trypan blue 


Method 


1. Layer PBL on to multi-step, discontinuous Percoll gradients. The choice 
of the densities and the number of steps composing the gradient will 
be determined by the cell populations desired, the purities desired, and 
by the total number of cells needing separation. As a general starting 
point, adjust Percoll (Pharmacia) to 290 osmol/kg with 10 x phosphate- 
buffered saline (PBS). 


2. Prepare a 4-step gradient in a 50 ml conical, polystyrene centrifuge 
tube by diluting the prepared Percoll with RPMI medium containing 
0.75% BSA as follows. As an aid to monitoring the quality of layering 
as well as helping to identify the gradient interfaces, add a drop of 
Trypan blue to alternating steps. 


Fraction % Percoll Medium (ml) Percoll (ml) 
41.1 5.83 4.18 
45.8 5.42 4.58 
50.0 3.0 3.0 
66.6 2.0 4.0 


Up to 5 x 108 cells can be loaded per gradient 


. Centrifuge gradients at 500 g for 30 min, using slow acceleration and 
no breaking for deceleration. 


. Harvest individual fractions which collect at the interfaces, wash three 
times and resuspend for cell count. Low-density cells (large granular 
lymphocytes) collect at the 41.1/45.8% interface, mixed granular and T 
cells at the high-density interface. NK cell activity can be greatly en- 
riched by isolating the large granular lymphocyte (LGL) fraction. In 
contrast, LAK cells can be generated, albeit not at the same relative 
efficiency, from lymphoid cells of significantly disparate densities, in- 
dicating the profound heterogeneity of LAK precursors (7). 





2.2 Isolation of specific lymphoid populations based upon 
phenotypic markers or light-scatter characteristics 

2.2.1 Fluorescence-activated cell sorting 

An alternative approach to the isolation of either precursor or mature effector 

populations utilizes the technology of fluorescence-activated cell sorting 
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(FACS). Cell sorting can provide a highly enriched population (> 95% 
purity) of moderate numbers of cells (< 10”) within a few hours of sorting. 
The quality and quantity of the yield is dependent upon many factors includ- 
ing the condition of cells in the starting population, the relative frequency of 
the cell of interest within the starting population, the working condition of 
the sorter, and the skill of the operator. Many commercially available anti- 
bodies are available for analysis of phenotypic markers expressed on lympho- 
cyte subpopulations. Since the first description of T cells, NK, and LAK, 
phenotypic markers have been sought which could unambiguously describe 
the population of interest. It is important to remember that the vast majority 
of phenotypic markers describing lymphocyte populations recognize epitopes 
which are not uniquely relevant to the effector function. As a result, pheno- 
typic markers have consistently proven to be shared by multiple cell types, 
and caution must be exercised in interpreting results based on phenotypic 
analysis (8, 9). Another concern of cell separation by phenotype involves the 
ability of many antibodies to directly modulate the activity of cell populations 
expressing the corresponding epitope (e.g. anti-CD2, anti-CD3, anti-CD 16, 
etc.) (10). Because of the lack of functional specificity and the concerns of 
artefactual stimulation, we reported a method for cell sorting of a unique 
interleukin-2 (IL-2) responsive population based upon characteristic morpho- 
logic alterations associated with IL-2 activation (11). These unique light- 
scatter and forward-scatter characteristics permit isolation of all LAK activity 
as well as the cycling population involved in the maintenance and further 
expansion of LAK effector activity. This approach proved useful for human 
and mouse samples, and allows for the further phenotypic analyses of a 
population highly enriched for LAK cells. 


2.2.2 Separation using antibody-coated magnetic beads 


An alternative approach to lymphocyte separation based upon phenotypic 
markers utilizes magnetic beads coated with specific antibodies. Magnetic 
separation methodology represents a relatively simple and efficient means for 
generating moderate numbers of enriched cells (10°-10°), and the initial 
investment is considerably less than acquiring a FACS facility with a trained 
operator. After allowing the bead-anchored antibodies to attach to the 
appropriate cell-surface associated phenotypic epitope (or secondary anti- 
body labelled beads binding to primary antibody labelled cells), the bead:cell 
conjugates are sedimented with a strong magnet, allowing the non- 
conjugated cells to be removed by pouring, and gentle washing. Both bound 
and unbound populations can be repeatedly absorbed by the antibody-bead 
preparation, rapidly generating purities greater than 80-90%. Prepared 
beads are commercially available, as well as starter beads which can then be 
coated with the antibody(ies) of interest. Since magnetic separation is based 
upon phenotypic markers, it suffers from the same potential pitfalls described 
above. Magnetic separation also presents unique problems, such as a possible 
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difficulty in removing the antibody-anchored beads from positively selected 
cells. Overall, this technique is best suited for enrichment by negative selec- 
tion. We have successfully used magnetic separation to remove B cells and 
monocytes (a rapid alternative to plastic and nylon wool depletion) from 
PBM suspensions, and for negative depletion of Leulla presenting cells. We 
have also used magnetic beads to present anti-OKT3 for co-stimulation with 
IL-2 (see below) in macrophage-depleted lymphocyte populations. Rosen- 
berg has described the use of antibody-conjugated magnetic beads to directly 
enrich for lymphocytes (12). Phenotypic analyses should always be performed 
in order to verify the resultant purities, as well as to control for unexpected 
alteration in the cell populations. 


2.3 Isolation of tumour infiltrating lymphocytes 


With the hope of learning more about the dynamic interaction of the cellular 
immune response to cancer, methods for obtaining lymphocytes which have 
migrated into tumour tissues have been devised. Preliminary reports sug- 
gested that these tumour-infiltrating lymphocytes (TIL) might exhibit unique 
qualities which could prove beneficial for clinical applications (13). We 
routinely isolate TIL from a variety of tissues. For tough, or firm tissues, a 
combination of mechanical and enzymatic disaggregation is used (14). In 
contrast, for very soft, fragile tissues (e.g. CNS neoplasms), mechanical 
disaggregation alone often provides superior results. 


Protocol 4. Isolation of tumour infiltrating lymphocytes 


Equipment and reagents 


e Sterile complete medium e Sterile sealed containers 

Disaggregation medium: RPMI 1640 sup- e Magnetic stirrer or shaker 

plemented with 300 mg/ml t-glutamine, e Serum-containing complete medium 

100 mg/ml penicillin, 100 mg/ml strepto- , 25, 10, 5 ml pipettes 

mycin, 50 mg/ml gentamicin sulphate, 0.25 “Sainees Ais Sh Ge ahd 20 Gadds 
mg/ml amphotericin ee ae a 

Sterile dissection scissors, forceps, and 

scalpels geen ell 

Enzymatic cocktail: 0.002% DNase (Sigma, ° sterile Nytex ae a 
type |), 0.1% collagenase (Sigma, type IV), ° Histopaque gradient (see Protocol 7) 
0.01% hyaluronidase (Sigma, type V) 


Method 

1. Transport tissue samples obtained during surgery or at autopsy, com- 
pletely submerged in sterile, complete medium. 

2. Manipulate tissue samples in a disaggregation medium (serum is not 
included in sample which will be enzymatically disaggregated). 

3. Disaggregate solid tissue to single-cell suspensions as soon as possible 
to achieve maximal viable recoveries. Use sterile dissection scissors, 

| forceps, and scalpels to reduce the tissue into small cubes (<1 mm). | 
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Protocol 4. Continued 


4. 


Incubate the cubed tissue in an enzymatic cocktail in a sealed sterile 
container. Use either a magnetic stirrer or shaker to gently swirl the 
suspension. Treat tissue until the majority of solid cubes have been 
digested (0.5—1 h at 37°C or overnight at room temp.) and then wash 
in serum-containing complete medium to remove residual enzyme. 


. For soft tissues, cut the sample likewise into the smallest possible 


pieces. Aspirate the tissue pieces through progressively smaller pipettes 
(25, 10, 5 ml pipettes). Allow the larger pieces in this crude suspension 
to settle at unit gravity for 5 min. Pass the remaining suspension 
through needle bores of decreasing diameter (i.e. 18- and then 20- 
gauge; smaller bore needles tend to significantly reduce viability). 
Draw tissue suspensions into the syringe, attach the needle, and ex- 
press the suspension. Repeat the entire process three times with each 
needle size. Check for cell viability. 


. This suspension can now be directly cultured under appropriate activa- 


tion conditions to grow out the TIL. Alternatively, the sample can be 
processed further to enrich for TIL and/or for tumour cells. 


. Remove residual tissue clumps by passing the suspension through 


sterile Nytex gauze. 


. The resultant single-cell suspension can be passed over a Histopaque 


gradient in order to remove dead cells and debris. 


. Lymphocytes can often be enriched from the tumour population by 


preparing a discontinuous density gradient using diluted steps of 
Histopaque. Carefully layer 10 ml of cells (<5x10’) over three 10 ml 
steps of (25, 75, and 100%) Histopaque, and centrifuge at 400 g for 30 
min. Tumour cells usually collect at the 25-75% interface and lympho- 
cytes collect at the 75—100% interface. 


Even after enrichment procedures, the relative frequency of TIL may still 
be below the level of immediate detection, and may require significant 
expansion over an extended culture period before they become the pre- 
dominant cell type. 


3. Generation of lymphokine-activated killers 
3.1 The generation of IL-2 activated killers 


Lymphokine-activated killers (LAK) have been successfully cultured from 
virtually all lymphocyte compartments including peripheral blood, thoracic 
duct, skin, thymus, cerebrospinal fluid, and malignant tissues. LAK are 
readily generated by short-term tissue culture in the presence of exogenously 
added IL-2. Culture lymphocytes at a concentration of 5 x 10°-2 x 10° cells/ 
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ml, with a total volume of 10 ml in 25 cm’, 25 ml in 75 cm”, or 50 ml in 175 cm? 
flasks. Incubate upright at 37°C, 5% CO; in 98% humidity. We have tested 
numerous media, sera, etc., for the optimization of LAK generation. Mouse, 
rat, and human LAK are readily generated in RPMI 1640 medium supple- 
mented with glutamine (300 mcg/ml), Hepes (10 mM), penicillin and strepto- 
mycin (100 mcg/ml of each), and 5-10% serum. Fetal calf (FCS) and new- 
born calf serum (NCS) are generally equivalent, however, each new lot 
should be individually tested for its ability to generate LAK. After identifying 
a good lot, it should be reserved in order to use the same source throughout 
the course of a given series of experiments. Although FCS or NCS work well, 
we prefer to use human AB for the generation of human LAK. Serum lots 
should likewise be tested to identify good lots and exclude inhibitory ones. 
All serum samples should be heat inactivated (thawed serum heated to 55°C 
for 30 min) and then aliquoted into single-use samples (e.g. 50 ml) and frozen 
at —20°C until needed. 

Motivated by potential clinical applications for the adoptive transfer of 
activated lymphocytes, several manufacturers have introduced serum-free, 
defined media for use in the activation of lymphocytes. Serum-free medium 
offers several advantages including reproducibility and the assurances of no 
risk of infectious agents. However, of all the products we have tested to date, 
only the Gibco product, AIM-V, has proved to be a suitable replacement for 
serum-supplemented medium. We consider AIM-V the medium of choice, 
and use it exclusively for all clinical work. It is important to note that the 
ingredients in AIM-V as well as in other serum-free formulations are generally 
not disclosed and may contain components which may have significant effects 
upon the system of study (e.g. indomethicin, insulin growth factors, steroid 
hormones, etc.). We suggest that data generated exclusively in serum-free 
mediums be reproduced in serum-supplemented complete medium. 

We and others have published that IL-2 concentrations from 22 pM-22 nM 
induce LAK activity (10). Lower concentrations (<200 pM) may satisfactorily 
activate lymphocytes in serum-supplemented medium. We have not found 
any consistent differences between purified human and human recombinant 
forms of IL-2 from several different producers, and routinely use recom- 
binant products. As a general guide-line, lymphocytes are initially cultured 
in 2-10 nM IL-2. IL-2 induction of LAK activity can be detected within 
24 h of culture, but we routinely culture for 4—6 days for the generation of 
a mature effector population. Cultures usually required feeding by day 6 with 
replacement of IL-2 for sustained growth and cytolytic activity. We have 
maintained potent lytic populations for greater than three months, although 
many cultures lose much of their lytic activity after several weeks (> 28 days). 


3.2 Anti-CD3/IL-2 activated ‘T cell’ killers 


Ochoa et al. first reported the use of the T cell activating antibody anti-OKT3 
(anti-CD3) to augment IL-2 induction of effectors expressing LAK activity. 
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Activation with anti-CD3 presumably stimulates a transmembrane signalling 
structure associated with the T cell antigen receptor. We and others have 
reported that when used in conjunction with IL-2, anti-CD3 generates a 
significantly increased yield (10-1000 x) of cytolytic lymphocytes relative to 
IL-2 stimulation alone (15). By multiplying the lytic potency (expressed as 
lytic units) of the population by the increased total cellular yield, the anti- 
CD3/IL-2 activation scheme generated significantly increased lytic potential 
relative to IL-2 stimulation alone. We first used this activation method to 
generate large numbers of LAK (10?-10" total yield) from very small volumes 
(<10 ml) of peripheral blood for use in adoptive immunotherapy protocols 
in which the patients could not afford to donate large numbers of fresh 
lymphocytes (15). We later applied the same activation scheme for the gener- 
ation of TIL in which small numbers of lymphocytes were initially obtained 
or from tumours that proved highly immunosuppressive (i.e. glioblastoma) 
to normal IL-2-mediated outgrowth of LAK (16). This activation method 
involves incubation of PBM plus monocytes or some other means of antibody 
presentation. The cells should be adjusted to 10°/ml and incubated with 
anti-CD3 (e.g. Ortho-Clone OKT3, approved for clinical use) at 10 ng/ml for 
48 h. The cells are then thoroughly washed and then resuspended in IL-2 
supplemented, complete medium. Rapid cell growth requires cultures to be 
split often, frequently every other day. One pitfall of this activation mechan- 
ism is that cultures often begin to lose lytic activity after three weeks in 
culture. However, cell expansion in excess of 10°-fold will often be achieved 
within this time, providing sufficient cell numbers for virtually any application. 


3.3 Alternative cytokine activation strategies 


Since this initial description of LAK, in which the obligate role for exogen- 
ously added IL-2 was determined, the involvement of several endogenously 
produced cytokines have been described (17). The cytokine tumour necrosis 
factor (TNF) has proven to play a central role in virtually all CMC systems 
(18). The addition of anti-TNF neutralizing antibody during IL-2 activation 
eliminates >90% of LAK-mediated tumour lysis. Given the problematic 
toxicity associated with the high-dose IL-2 administration protocols used in 
the first LAK clinical trials, alternative methods which might require less IL-2 
were sought. We have reported that TNF-a, TNF-B, or interleukin-1 (IL-1) 
can all be used in conjunction with low-dose IL-2 to generate LAK of 
equivalent, or even augmented, lytic potency relative to high-dose IL-2 stimu- 
lation alone (17, 19). There is preliminary evidence suggesting that TNF pre- 
stimulation prior to IL-2 activation, generates increased lytic potential at the 
population level, resulting from both increased effector cell frequency and 
effector cell efficiency (i.e. decreased recycling times). Preliminary data from 
our laboratory, confirming the report by Widmer, suggests that the exo- 
genous addition of IL-7 is sufficient to stimulate LAK activity from both PBL 
and PBM cultures. Exogenously added IL-7 appears to be capable of inducing 
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the endogenous production of IL-2 (Stephen Yang, personal communica- 
tion). Yang also finds that neutralizing antibody against IL-2 inhibits LAK 
activity by IL-7 activated lymphocytes. Undoubtedly, many other stimulatory 
and inhibitory cytokine products serve to modulate LAK induction and 
potency. With a better understanding of the dynamic interplay occurring at 
the cellular level between these products, new approaches for the in vitro 
generation and maintenance of these effector populations should be defined. 


4. Cryopreservation of lymphocytes and tumours 


Precursor, as well as mature effector populations and tumour cells, may be 
easily stored frozen for later use. We find it useful to expend cultures of both 
stock LAK and common tumour targets (i.e. Daudi, Raji), to be frozen in 
single-use aliquots (e.g. LAK at 10’/tube, tumour targets at 10°/tube). Samples 
can then be thawed and used when needed. Whenever possible, cultured cells 
should be harvested in early log phase with viability greater than 90%. 


Protocol 5. Cryopreservation 


Equipment and reagents 


e Complete medium e Freezer vials 
e Trypan blue e Aluminium boxes 
e Cell centrifuge e 100% ethanol 


e Freezing medium: 90% heat-inactivated  e Liquid nitrogen freezer 
serum, 10% dimethylsulfoxide (DMSO) 


Method 

1. Wash cells thoroughly in complete medium, and perform a viable cell 
count. 

2. Pellet cells and resuspend in freezing medium to give a final concentra- 
tion of 10®—108 cells/ml. 

3. Once the cells have been suspended in the freezing medium, they must 
be aliquoted into freezer vials and transferred to the freezer as rapidly 
as possible (< 1 min) to maintain maximal viability. 

4. Place the freezer vials into aluminium boxes containing sufficient 100% 
ethanol to submerge the cell suspensions. 

5. Transfer the freezer boxes into a —80°C freezer overnight, and then into 
the vapour phase of a liquid-nitrogen freezer. 

6. To use, rapidly thaw frozen samples by constant shaking in a 37°C 
water bath, and then dilute 1/10 in warm, complete medium. 

7. Wash cells extensively to remove DMSO and use (e.g. plated as effectors 
or °'Cr-labelled as targets). Excellent viability can be maintained for at 
least two years if cells are carefully frozen and thawed. 
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5. Cytotoxicity assays 


In 1960, A. Govaerts transplanted a kidney from a donor dog X to a recipient 
dog Y. When the transplanted kidney was rejected, thoracic duct lympho- 
cytes were obtained from the recipient dog X and added to a culture of kidney 
(epithelial) cells from dog Y. 48 h after the addition of the primed lympho- 
cytes, lesions were noted in the confluent monolayer indicating lymphocyte- 
mediated killing of the allogeneic cells (20). This represented one of the first 
reports of direct lymphocyte-mediated toxicity. This in vitro detection of 
CMC was adapted by several other investigators, including K. Theodor 
Brunner, Jean-Charles Cerrotini, and Borris D. Brondz into what have ulti- 
mately become the current methods for detecting killing. 


5.1 °'Cr-release cytotoxicity assay 


Brunner and Cerrotini introduced two major changes to Govaerts assay: they 
used tumour cells as targets for their sensitized effectors, and they adapted 
the >! Cr-labelling technique to the study of target cell death (21). With minor 
modifications, this °’Cr-release assay has remained the standard technique 
for measuring in vitro CMC. The assay represents a relatively rapid, simple 
to perform, and reliable method for the measure of in vitro CMC. The human 
Daudi (HLA class I deficient), and Raji Burkitts lymphoma cell-lines are 
commonly used NK-resistant LAK targets, while the K562 erythroleukaemia 
line and the U937 lines are excellent NK targets. The use of fresh uncultured 
tumour cells (prepared as described above) as LAK targets may represent 
the closest approximation of in vivo interactions between LAK and tumour, 
and should be included in definitive studies, especially if autologous targets 
are available for clinical studies. We recommend that targets be stored in 
frozen aliquots rather than being maintained in long-term culture, on order 
to avoid the possibility of tissue-culture induced changes in susceptibility to 
killer cells. Mycoplasma testing should also be routinely performed. 


Protocol 6. °'Cr-release assay 


Equipment and reagents 


e Complete medium e 96-well, round-bottomed plates 
e Appropriate pelleted target cells e 0.1 M HCI 
e Effector cells e Centrifuge fitted with multi-well plate rotor 


e Sodium °'Cr in saline (1 mCi/ml at 650 mCi/ e Skatron filter-rack harvesting system 
mg) (Skatron Inc.) 


e 5% CO, humidified incubator e Gamma counter windowed for ®'Cr 





Method 


1. Wash appropriate targets in complete medium and label the pelleted 
cells with 400 Ci sodium 51-chromate in saline per 10’ targets. Label 
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the targets for 1—2 h in a 37°C, 5% CO,, humidified incubator, with 
occasional shaking to inhibit pelleting. 


2. Wash targets 3—4 times in complete medium and then adjust to 5 x 
10° cells/ml medium. 


3. Wash effector cells in complete medium, adjust to their final plating 
concentration, and aliquot into replicate wells. 


4. Add effector cells at multiple ratios with a fixed number of targets, to 
obtain the characteristic sigmoidal killing curve. For example, a 0.6 ml 
suspension containing 3.84 x 10° total effector cells can be added in 
0.1 mi aliquots to triplicate wells (96-well, round-bottom plates), and 
the remaining 0.3 ml repeatedly diluted with 0.3 mi medium, followed 
by adding 0.1 ml aliquots of targets at 5 x 10*/ml in order to achieve 
effector to target ratios of 128:1, 64:1, 32:1, 16:1, 8:1, 4:1, 2:1, 1:1. 


5. Determine spontaneous and maximal release by adding 0.1 ml aliquots 
of medium or 0.1 M HCI, respectively, on to replicate sets (n=3-—6) of 
0.1 ml of targets alone. 


6. Centrifuge the plates at 150 g for 5 min, and incubate in a humidified, 
37°C, 5% CO, incubator for 4 h. 


7. At the end of the incubation period, centrifuge the plates again and 
harvest aliquots of the supernatants from each well. The Skatron filter- 
rack harvesting system represents a major improvement in both time 
and accuracy over manual harvesting. 


8. Count samples in a gamma-counter, appropriately windowed for 
chromium-51. The entire sigmoidal killing curve can be described if 
sufficient E:T ratios, starting at a suitable high effector number, are 
assayed. We recommend that at least four and preferably more E:T 
ratios be assayed, whenever possible. Thorough characterization of 
this curve will greatly facilitate data interpretation. 


5.1.1 Data analysis for the °*Cr-release assay 


5I Cr-release assays generate data expressed as c.p.m. By convention, this is 
transformed into per cent specific lysis (% SL) using the following equation: 


%SL = [(E) — (S)|/[(M) — (S)] x 100 


(E) refers to the mean of the experimental wells at a given E:T ratio, (S) is 
the mean of the spontaneous release wells in which targets were incubated 
with medium only, and (M) is the mean of the maximal release wells gener- 
ated by targets incubated in 0.1 M HCl. We generally plate six spontaneous 
and six maximal wells, with experimental wells plated in triplicate. 
Unfortunately, no standard method for data presentation has emerged. 
The simplest, and perhaps best way is to provide the %SL + SEM for each 
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E:T ratio, either in a tabular format or graphically with %SL on the Y axis 
vs. log of E:T on the X (Figure la and b). It is extremely important to 
present sufficient data to accurately describe the killing curve generated by a 
given effector/target combination. We attempt to plate at least eight E:T 
ratios starting at a sufficient high effector cell-number to describe both the 
maximal killing plateau (abscissa) as well as the rest of the curve. Unfortun- 
ately, effector cell-number often represents the limiting factor in an assay, 
significantly limiting the maximal achievable E:T ratio. In some cases, by 
decreasing the number of targets per well (e.g. from 5000 to 2000-2500), the 
assay can be modified to achieve the desired ratios. Presenting experiments 
in terms of %SL becomes problematic when large amounts of data must be 
presented and/or when several curves must be directly compared within one 
experiment. Lytic units have been used to avoid these problems by represent- 
ing the potency of an effector population in terms of a single numerical value. 
Lytic units (LU) are generally defined as the inverse of the number of effector 
cells required to achieve a specific %SL against a given target (e.g. 30% SL 
for LAK and 15% for NK). Although the lytic unit, when applied correctly, 
may represent a useful means for data reduction, several potential problems 
can be associated with its use. 

The first problem involves the types of data which can and cannot be pre- 
sented in terms of lytic units. Lytic units should only be used as a means for 
comparing relative lytic efficiency of effector populations assayed in parallel, 
which are exhibiting similar potency against a given target. LU should not be 
used as a method of assigning absolute potencies, and should not be used to 
assess susceptibilities of differing relative targets to a given effector popula- 
tion. A second class of problem involves the mathematical model used to 
translate %SL data into lytic units. Since >'Cr-release data describes a unique 
sigmoidal curve for each effector—target pair, attempting to describe the line 
with a linear regression fit can at best grossly approximate the curve. Curve 
fitting with a linear equation is further hampered if the point chosen for 
extrapolation (e.g. 15 or 30% SL) does not fall on the linear rise portion of 
the curve, or if too few points exist to accurately describe the linear rise 
portion. The sigmoidal curve is a better fit using non-linear models. 

Pross et al. have published extensively on exponential fit models for de- 
scribing NK killing data, and will generously provide investigators with 1Cr- 
release cytotoxicity software for personal computer use (22) (Dr Hugh Pross, 
Dept. of Radiation Oncology and Microscopy and Immunology, Queen’s 
University, Kingston, Ontario, Canada; please include blank discs and 
stamped, addressed return envelope). However, significant controversy 
surrounds this approach as well, with several reports presenting extremely 
complicated arguments supporting specific non-linear models. A recent 
reappraisal of linear regression, exponential fit, and Von Krogh models for 
data analysis by Pollock et al. (23) encourages the reader to test the given 
models on data sets provided in order to better understand the associated 
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problems. We highly recommend that investigators and their statistical support 
groups thoroughly review this and related literature, in order to better plan 


and process the °'Cr-release cytotoxicity data for their unique applications. 


5.2 Single-cell CMC assay 


In contrast to the °'Cr-release assay which only describes the net lytic out- 


come of effector—target interactions, this simple approach provides additional 
information by directly measuring the frequency of effectors which can bind 


(binding frequency) as well as measuring specific killing (killing frequency) 
of a given target (24). 


Protocol 7. Single-cell CMC assay 


Equipment and reagents 


Effector and target cell populations è 
Complete medium e 
Cell centrifuge e 0.2% formaldehyde in saline 
Pasteur pipette ° 
.5% agarose e 


5% CO, humidified incubator 
0.1% Trypan blue 


Inverted microscope 
Fluorescein diacetate (FDA, Sigma) 


e Tissue culture receptacles 


Method 


1. 


Mix equal numbers of effector and target cell populations in complete 
medium and place into a water bath at 30°C for 10 min. 


. Centrifuge the sample at 250 g at room temp. for 5 min. Prepare control 


tubes of target cells alone in parallel. 


. Discard supernatants and resuspend pellets in a minimum volume by 


six gentle aspirations with a Pasteur pipette (aspiration technique rep- 
resents a crucial step for experimental accuracy and reproducibility}. 


. Remove a small portion of this suspension and dilute for direct count- 


ing in order to measure the frequency of effector—target conjugates 
(the number of lymphocytes bound to target cells per every 100 total 
lymphocytes). 


. Mix the remaining suspension with aliquots of 0.5% agarose (main- 


tained liquified just above its melting point) and pour as a thin layer 
(<2 mm, thicker beds will require long focal length lenses) into tissue- 
culture receptacles. 


. Overlay with complete medium to avoid dehydration, and place the 


cultures directly into 37°C, 5% CO, humidified incubators for 1—4 h. 


. Assay samples for killing frequency by aspirating the medium overlay, 


adding a small volume of 0.1% Trypan blue for 5 min at room temp., 
aspirating residual stain and fixing with 0.2% formaldehyde in saline. 
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Protocol 7. Continued 


8. The conjugates are counted, corrected for the spontaneous lysis of 
target cells plated alone, can be directly visualized under normal light 
on an inverted microscope. If effectors and targets are difficult to dis- 
tinguish, effectors can be prestained with agents such as the fluorescent 
dye fluorescein di-acetate (FDA, 1 ug/ml for 10 min at 37°C in the dark, 
followed by three washes; available from Sigma) which will allow easy 
discrimination without adversely affecting binding or killing frequencies. 





5.3 Alternative approaches for measuring CMC, 
including non-radioactive assays 


Many variables affect the ability of a given effector to specifically recognize, 
bind, and ultimately lyse a target cell. New and better ways of describing 
these complicated interactions are needed to expand our understanding of 
CMC. Alternative approaches already being studied include flow-cytometric 
assays for binding/killing frequency determinations in which both the kinetics 
as well as the phenotypic profiles of effectors and targets can be simultaneously 
described (25). 

Methods to perform cytotoxicity assays without the use of radioactively- 
labelled target cells have been developed (26, 27), and are identical to the 
chromium release assay in their performance, except that the targets are not 
pre-labelled, and that the measurement of cytotoxicity is via a post-labelling. 
One common approach is to measure lactate dehydrogenase (LDH) which is 
released upon cell lysis. The LDH is determined via the conversion of a 
tetrazolium salt into a red formazan product, and the amount of colour 
formed is proportional to the number of lysed cells. This method is available 
in kit form from Promega, Madison, WI. As we continue to reduce radionuclide 
usage, such non-radioactive procedures are expected to gain in popularity. 
Our preliminary experience with the LDH method has been very favourable, 
and we intend to convert completely to such a method within the next few 
years. 


References 


1. Berke, G. (1989). In Fundamental Immunology (2nd edn), (ed. W. Paul), 
p. 735. Raven Press, New York. 

2. Henkart, P. A. (1985). Ann. Rev. Immunol., 3, 31. 

3. Wolf, J. A. and Grimm, E. A. (1988). Annals of the Institute Pasteur Immunology, 
139, 433. 

4. Lotzova, E. and Ades, E. W. (1989). Natural Immunity and Cell Growth Regula- 
tion, 8, 1. 

5. Julius, M. H., Simpson, E., and Herzenberg, L. A. (1973). Eur. J. Immunology, 
3, 645. 


212 


12: The generation and quantitation of cell-mediated cytotoxicity 


. Timonen, T., Ortaldo, J. R., and Herberman, R. B. (1981). J. Exp. Medicine, 


153, 569. 


. Grimm, E. A. and Rosenberg, S. A. (1984). In The Lymphokines (ed. E. Pick), 


Vol. 9, p. 279. Academic Press, New York. 


. Ortaldo, J. R., Mason, A., and Overton, R. (1986). J. Exp. Medicine, 164, 1193. 
. Damle, N. K., Doyle, L. V., and Bradley, E. C. (1986). J. of Immunol., 134, 


2814. 


. Ochoa, A. C., Gromo, G., Alter, B. J., Sondel, P. M., and Bach, F. H. (1987). 


J. of Immunol., 138, 2728. 


. Loudon, W. G., Abraham, S. R., Owen-Schaub, L. B., Hemingway, L. 1., 


Hemstreet, G. P., and DeBault, L. E. (1988). Cancer Research, 48, 2184. 


. Topalian, S. L., Solomon, D., and Rosenberg, S. A. (1989). J. Immunol. , 142, 


3714. 


. Rosenberg, S. A., Spiess, P., and Lareniere, R. (1986). Science, 233, 1318. 
. Rong, G. H., Grimm, E. A., and Sindelar, W. F. (1985). Journal of Surgery and 


Oncology, 28, 131. 


. George, R. E., Loudon, W. G., Moser, R. P., Brunner, J. M., Steck, P. A., and 


Grimm, E. A. (1988). J. Neurosurgery, 69, 403. 


. Grimm, E. A., Brunner, J. M., Carinhas, J., Koppen, J. A., Loudon, W. G., 


Owen-Schaub, L. B., Steck, P. A., and Moser, R. P. (1991). Cancer Immunology 
and Immunotherapy, 32, 193. 


. Owen-Schaub, L. B., Gutterman, J. U., and Grimm, E. A. (1988). Cancer 


Research, 48, 788. 


. Shalaby, M. R., Espevik, T., Rice, G. C., Ammann, A. J., Figari, I. S., Ranges, 


G. E., and Palladino, M. A. (1988). J. of Immunol., 141, 499. 


. Crump, HI W. L., Owen-Schaub, L. B., and Grimm, E. A. (1989). Cancer 


Research, 49, 149. 


. Govaerts, A. (1960). J. of Immunol., 85, 516. 
. Brunner, K. T., Mauel, J., Cerottini, J. C., and Chapuis, B. (1968). Immunology, 


14, 181. 


. Pross, H. F., Baines, M. G., Rubin, P., Shragge, P., and Patterson, M. S. (1981). 


J. of Clin. Immunol., 1, 51. 


. Pollock, R. E., Zimmerman, S. O., Fuchshuber, P., and Lotzova, E. (1990). J. 


of Clin. and Lab. Analysis, 4, 274. 


. Grimm, E. A. and Bonavida, B. (1979). J. of Immunol. , 123, 2861. 
. Wolf, J. A., Carinbas, J., and Grimm E. A. (1989). Proc. Amer. Assoc. Cancer 


Res., 30, 238. 


. Kolber, M. A. (1988). J. of Immunol. Methods, 108, 255. 
. Decker, T. and Lohmann-Matthes, M.-H. (1988). J. of Immunol. Methods, 15, 


61. 


213 





13 


Assays for chemotaxis 


JO VAN DAMME and RENE CONINGS 


1. Introduction 


In view of the recent developments of cytokine research, interest in chemotaxis 
assays has received a real revival. Indeed, within a short time a number 
of novel chemotactic cytokines have been identified. These low molecular 
weight proteins are different from other cytokines such as interleukin-1 (IL-1) 
and tumour necrosis factor (TNF), previously reported to be chemotactic. 
They belong to a novel supergene family and include proteins exerting their 
chemotactic activity specifically on granulocytes or monocytes (1-4). Some 
members of this family of inflammatory proteins were already biochemically 
characterized, but their chemotactic effect has only recently been demon- 
strated. The lack of sensitive and specific bioassays for measuring chemo- 
taxis, as well as the complexity of these tests, can in part explain the late 
discovery of this family of chemotactic cytokines. However, the assays that 
were used to detect their activity during purification were basically identical 
to those already used for a long time, such as the Boyden chamber assay 
(5) and the agarose method (6) described in this chapter. Since many sub- 
stances can exert chemotactic activity, their identification rather had to 
wait for techniques to produce sufficient amounts and to purify them to 
homogeneity. 


2. Chemotaxis under agarose 


This method for chemotaxis originally described by Nelson et al. (6, 7), uses 
the migration distance of cells under agarose as a parameter to measure the 
chemotactic effect of cytokines. Since the assay can be performed in tissue 
culture dishes, the technique allows handling of a large number of samples 
(e.g. column fractions from purification runs) and a fast microscopic score of 
their chemotactic potency. When the preparation of the test cells involves 
time consuming isolation and purification (e.g. granulocytes from peripheral 
blood) the reader is recommended to prepare the agarose plates the day 
before the actual chemotaxis assay 1s performed. 
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Test sample 


Cells 





Standard 








Control Cells ^ a: 


Control 


Figure 1. Chemotaxis under agarose. Configuration of wells: six series of three wells, 
each series containing a centra! wel! for cells and two surrounding wells for the test 
sample (or standard) and contro! medium, respectively. Cells migrate towards the chemo- 
tactic gradient of the test sample (distance X) and the control medium (random migration 
distance Y). X—Y represents the effective migration towards the test sample. 


Protocol 1. Preparation of agarose plates 


Equipment and reagents 


e Solution A: 10 ml pre-warmed (50°C) e Solution AB: equal volumes of A and B at 
medium, consisting of 2 ml fetal calf serum 50°C 


(FCS), 2 ml 10 x concentrated Eagle's mini- e6 cm (i.d.) plastic tissue culture dishes 
mum essential medium (EMEM) with Earle's (Nunc) 

salts, L-glutamine and sodium bicarbonate, 
and 6 ml pyrogen-free distilled water 
Solution B: 0.18 g agarose (Indubiose, IBF) 
boiled in 10 ml distilled water until com- 
pletely dissolved and cooled to 50°C 


e Stainless steel punch with inside bevel and 
template 


e Vacuum system 
e CO, incubator 





Method 


1. Pour 6 ml solution AB into plastic tissue culture dishes and allow to cool 
(30 min) before transfer to refrigerator (4°C) until further processing. 
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2. Cut six series (per dish) of three wells (3 mm i.d., 3 mm inter-space) in 
the gel, using a stainless steel punch with inside bevel and template to 
align wells as shown in Figure 1. 


3. Remove agarose cores with a pipette using vacuum and incubate 
plates at 37°C in a CO, incubator until samples and cells are prepared. 





The final steps in preparing the agarose plates, i.e. the punching of wells 
is best postponed until immediately before the chemotaxis assay, since leak- 
age of fluid from the gel into the wells should be prevented. In cutting wells, 
care should be taken to avoid damage to the surface of the dish, because 
scratches in the plastic can inhibit cell migration. Do not lift the gel or damage 
the wells during suction of the punched cores. 

The agarose assay for chemotaxis 1s applicable to different leukocyte types. 
In our laboratory this technique has been successfully used in isolating two 
novel chemotactic cytokines, specific for neutrophils and monocytes, respect- 
ively (8, 9). Thus, in order to discriminate between these two activities, the 
purity of the test cells determines the specificity of the test system. Human 
peripheral blood neutrophils can be purified according to Protocol 2. 


Protocol 2. isolation of granulocytes from human peripheral 
blood 


Equipment and reagents 


Double-distilled water 


e Fresh human blood e 
e Heparinized tubes e 3.6% NaCl 
e PBS e Hank’s balanced salt solution (HBSS) 
e Hydoxyethyl starch (Plasmasteril, Fresenius e Human serum albumin (HSA) 
AG) e Percoll gradient (d = 1.054, Pharmacia) 


e 50 ml measuring cylinder e Trypan blue 
e Beckman Ls 59 centrifuge fitted with fixed 
angled rotor R30 


Method 


1. Collect 10 ml of fresh human blood in a heparinized tube and dilute 1:2 
in phosphate-buffered saline (PBS). 

2. Mix 20 ml cell suspension with 10 ml hydroxyethyl starch (Plasmasteril, 
Fresenius AG, FRG) and place in a cylinder for 30 min at 37°C to allow 
sedimentation of erythrocytes. 


3. Collect supernatant and centrifuge cells at 500 g for 8 min. 


4. Resuspend cell pellet in 24 ml of double-distilled water for 30 sec to 
lyse remaining erythrocytes, then add 8 ml of 3.6% NaCl solution and 
centrifuge at 500 g for 8 min. 

5. Resuspend cell pellet with 5 ml Hank's Balanced Salt Solution (HBSS), 
supplemented with 0.5 mg/ml of human serum albumin (HSA). 
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Protocol 2. Continued 


6. Load leukocyte suspension carefully on 16 ml Percoll gradient and 
centrifuge in fixed angle rotor (Beckman R30) for 30 min at 20000 g. 


7. Collect the polymorphonuclear cell fraction, resuspend in 10 ml HBSS 
and centrifuge at 500 g for 8 min. 


8. Resuspend cell pellet in 1 m! HBSS, determine cell number and viabil- 
ity, dilute to 3 x 10’ neutrophils per millilitre, and use immediately in 
chemotaxis assay. 





2.1 Preparation of test samples 


The preparation of test samples can be done during the isolation of the cells 
used to measure chemotaxis. Since chemotactic substances, including naturally 
occurring cytokines, often have a high specific activity, samples should be 
tested at multiple dilutions (e.g. 0.5 logio steps) to obtain titration curves. 
Moreover, when chemotactic substances are applied at doses above their 
optimum, a reduction in migration can occur. A dose-response curve of a 
Standard chemotactic preparation should be included in each assay, because 
the maximal migration distance obtained also depends on the origin and viability 
of the cells. The chemotactic agent formylmethionyl-leucylphenylalanine 
(fMLP) is usually used as a standard. If the optimal dose of fMLP (e.g. 107’ 
M) in a given test system is reproducible, it might be preferable to test a 
single dose with multiple replicates (e.g. in every agarose plate). However, 
for testing cytokines (e.g. the neutrophil activating protein, IL-8), preference 
should be given to an internal standard preparation (purified if available) of 
the cytokine involved allowing expression of the potency of the test samples 
in units. The use of the corresponding cytokine standard might also be helpful 
when test samples are too weak in potency to be diluted. Indeed, if compared 
to an optimal dose of fMLP, such samples may be evaluated as negative, 
since fMLP often induces a more pronounced migration than cytokines. If 
single dilutions of the test compounds are used their chemotactic activity 
should be determined in triplicate, preferably in different agarose plates, in 
order to increase reproducibility. If dilution series are used, measurements 
in duplicate should be sufficient, especially when large series of fractions are 
to be tested. If testing column fractions obtained during cytokine purification, 
it is essential that these are made physiological before assay. This can be 
achieved either by dialysis or by sufficient dilution (if possible) in control 
buffer (HBSS). 


2.2 Assay procedure 


The configuration of cutting wells in an agarose plate (six series of three wells) 
allows testing of six individual samples (standard included) in each plate 
according to the procedure described in Protocol 3. 
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Protocol 3. Chemotaxis assay under agarose 


Equipment and reagents 


e Agarose plates (see Protocol 1 and Figure 1) e Absolute methanol 
e Non-chemotactic medium (e.g. HBSS + e 37% formaldehyde 


HSA) e May—Grinwald and Giemsa stains 
e Humidified 5% CO; incubator 


Method 
1. Fill the centre well of each series of three wells (Figure 1) with 10 wl of 
cells, e.g. 3 x 10° neutrophils. 
. Add 10 ul of control non-chemotactic medium (e.g. HBSS + HSA) and 
test sample dilution, to the inner and outer well, respectively. 


. Incubate agarose plates for 2 h at 37°C in a humidified CO, (5%) 
incubator. 

. Terminate the assay by adding absolute methanol (3 ml) to the agarose 
plates for 30 min at room temp. Decant carefully. 

. Fix cells with formaldehyde (37%) for 30 min, decant. 

. Carefully remove the agarose (without rotation of the gel) from the 
culture dish and stain the cells with May-Grunwald’s and Giemsa’s 
solutions. 


. Score potency of the samples by counting the number of migrated cells 
or by measuring the effective migration distance (Figure 1). 





The optimal incubation time for maximal migration depends on the cell 
type tested, monocytes requiring a longer period (3 h) than neutrophils. 
During incubation the actual migration distance should be checked under the 
microscope so that the assay is stopped before the cells start to migrate into 
the well containing the test sample. Longer incubation reduces the sensitivity 
of the assay since further migration (toward test sample well) is stopped while 
spontaneous migration might still continue. 

For quantification of the potency of the samples, microscopic measurement 
of the migration distance is preferred, since counting of the cells is more 
labour intensive. However, when single, supra-optimal doses are tested, the 
migration distance might be suboptimal, whereas the number of migrated 
cells remains maximal. In addition, microscopic counting of cells might be- 
come essential when cell isolation did not result in a completely pure popula- 
tion. In practice, the migration distance towards both the chemotactic sample 
(induced migration) and the control medium (random migration) are deter- 
mined (Figure 1). The effective migration distance is calculated by subtraction 
of the random migration (Y) from the induced migration (X). The potency 
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of a sample tested at a single dilution can be expressed as percentage of the 
maximal effective migration distance of the internal standard. Alternatively, 
the potency can be expressed as a stimulation index, which is obtained by 
dividing the effective migration distance by the random migration distance 
[(X— Y)/Y]. Ifsamples are tested at multiple dilutions, a titration end-point can 
be calculated from the half-maximal effective migration distance. As a con- 
sequence the chemotactic potency of cytokine ‘preparation can be expressed 
in units (U), 1 U/ml corresponding to the half-maximal effective migration 
distance obtained with an optimal dose of the internal cytokine standard. 


3. Chemotaxis in micropore filters 


This method of chemotaxis is based upon active migration of test cells 
through a filter with pores of a precise size. The filter can be placed in a 


A 
O00 C0000 
f oe O00 C090 OO 

B 


top plate 
silicone gasket 








bottom plate 





Figure 2. Schematic representation of the Neuroprobe 48-well chemotaxis chamber. The 
microchamber consists of a top and bottom acrylic plate, sealed by a silicone gasket. The 
upper wells (containing cells) are separated from the lower wells (containing chemo- 
attractant) by the micropore membrane, in which the test cells migrate toward the chemo- 
tactic gradient. (A) Top view; (B) side view. 
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chamber to create two compartments, as originally introduced by Boyden (5). 
Cells are added to the upper compartment, whereas the lower compartment 
is filled with the chemotactic substance. As a consequence a chemotactic 
gradient is created and cells penetrate through the pores of the filter to the 
lower compartment. The number of migrated cells serves as a parameter to 
determine the potency of a chemotactic substance. 

This assay system demands more sophisticated equipment than the agarose 
assay, but multi-well microchamber assemblies allowing rapid and accurate 
measurements can be obtained (10). A commercially available device com- 
monly used to detect chemotactic cytokines is the 48-well chemotaxis chamber 
(Figure 2) from Neuroprobe. In order to increase the reproducibility of the 
assay it is recommended that test samples should be assayed in triplicate 
within one chamber. The number of samples that can be tested per chamber 
therefore remains restricted, especially if dilution series are made. 

The filter separating the two chamber compartments is the essential part 
of the test system. Depending on the cell type, different filter materials and 
pore sizes should be used. Cellulose ester filters (150 um thick) allow to 
measure the migration depth of neutrophils (3-5 um pores), monocytes 
(8 um pores) or lymphocytes (8 wm pores) into the filter (11). Polycarbonate 
membranes are convenient when the number of migrated cells has to be 
determined (Protocol 4). For monocytes, polyvinyl pyrrolidone (PVP)- 
polycarbonate membranes with 5-8 um pores are recommended, whereas for 
neutrophils PVP-free membranes (3-5 um) should be used. To prevent 
migrating lymphocytes dropping to the bottom of the lower chamber, the 
lower surface of the PVP-free polycarbonate filter (5 wm) should be coated 
with collagen (type IV) (12). 


Protocol 4. Microchamber chemotaxis assay for monocytes 


Equipment and reagents 


e Fresh anticoagulated human peripheral e Trypan blue 


blood e Standard chemoattractant (e.g. fMLP) 

e Ficoll-sodium metrizoate (Lymphoprep, e Neuro Probe microchamber (Figure 2) 
Nyegaard) e PVP-polycarbonate membrane (5 ym pore 

e PBS size, Nuclepore Inc.) 

e Standard cooled laboratory centrifuge e 5% CO, incubator 

e RPMI 1640 e 70% methanol 

e HSA e Diff-Quick (Harleco) 

Method 


1. lsolate mononuclear cells from fresh anticoagulated human peripheral 
blood by centrifugation (400 g for 30 min, without the brake on) on 
Ficoll-sodium metrizoate. 

2. Wash mononuclear cells twice with phosphate-buffered saline (PBS), 
centrifuge at 400 g for 10 min. 
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Protocol 4. Continued 


3. Resuspend cells in RPMI 1640 plus 0.5 mg/ml HSA. Determine the cell 
number, viability and dilute to 1.5 x 10° cells/ml. 


4. Prepare serial dilutions of test samples and standard chemoattractant 
(e.g. fMLP at 1078 M) in RPMI 1640 supplemented with 0.5 mg/ml of 
HSA. 


5. Add 27 ul of the test samples to the lower compartments of the Neuro 
Probe microchamber (Figure 2). 


6. Put the PVP-polycarbonate membrane on the bottom plate and re- 
assemble the microchamber. 


7. Add 50 ul of the mononuclear cell suspension (75 x 10° cells) to each 
well of the upper compartment. 


8. Incubate chamber for 2 h at 37°C in a 5% CQO, incubator to allow cell 
migration. 

9. Dismount the microchamber unit, wet the non-migrated cell side of 
the membrane with PBS, and wipe the cells off this filter side. 


10. Fix the cells which adhere to the lower surface of the membrane with 
70% methanol, dry, and stain with Diff-Quick (Harleco, Gibbstown, 
New Jersey, USA). 


11. Place the membrane on a microscope slide to dry and microscopically 
(400 x magnification) count monocytes in five oil immersion fields 
for each well. 


If cellulose ester filters are used, the test samples can be evaluated by 
measuring the migration distance into the filter (leading-front assay), whereas 
with polycarbonate membranes the number of cells migrated through the 
pores has to be determined. In the latter case the potency of a test sample is 
calculated from the average cell counts of three wells. The chemotactic 
activity can be expressed as percentage of the maximal number of cells 
migrated to the reference chemoattractant, e.g. fMLP 1078 M. Alternatively 
a chemotactic index can be calculated from the effective number of cells 
migrated to the test sample, divided by the number of cells migrated to the 
control medium. Preference should be given to use a purified standard prep- 
aration of the chemotactic cytokine in test as a reference. For the evaluation 
of the chemotactic potency of samples from stimulated cells, a supernatant 
from unstimulated cells should be run in parallel as a control. 


4. In vivo chemotactic responses to cytokines 


The biological relevance of chemotactic activities observed with cytokines in 
vitro can be demonstrated by their effect on cellular localization in vivo. This 
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approach involves specific expertise such as histopathological techniques, 
radiolabelling of cells or implantation of chambers (13). Although such in 
vivo techniques also suffer from low specificity and sensitivity they might be 
complementary to in vitro assays in order to unravel the complexity of 
cytokine interactions. An in vivo test to measure increased microvascular 
permeability in response to intradermal injection in rabbit skin has been 
applied successfully to cytokine research (14). 

The sensitivity of this test for measuring infiltration of neutrophils into the 
skin can be increased by injecting the cytokine in combination with a vaso- 
dilator substance (e.g. PGE»), allowing detection of pmol amounts of IL-1, 
IL-8, and TNF. In addition, quantitation of this skin reactivity is facilitated 
by the use of radiolabelled neutrophils and albumin, resulting in the detection 
of both plasma protein extravasation and cell accumulation. Such oedema 
formation serves as an additional parameter for local inflammation. Plasma 
leakage induced by certain cytokines (e.g. IL-8) is dependent on neutrophil 
emigration since it is abolished when animals are made neutropenic (14). The 
specificity of the skin test can be enhanced by following the kinetics of the 
response to different cytokines. Indeed, it was observed that IL-8 elicited its 
skin reactivity faster than IL-1 (8). Similarly, upon intravenous injection IL-1 
causes a slower increase in the number of circulating granulocytes than IL-8 
(8, 15). 

Although previously been reported to be chemotactic (16, 17), pure IL-1 
does not exert in vitro chemotactic activity for granulocytes (8). This dis- 
crepancy between the in vivo and in vitro effects of IL-1 on granulocytes can 
in part be explained by the finding that IL-1 is a potent inducer of the 
granulocyte chemotactic protein (GCP) (Table 1), identical to IL-8, and a 
monocyte chemotactic protein (MCP). GCP/IL-8 and MCP have been iso- 
lated from cell cultures with the help of the chemotactic assays described here 


Table 1. Induction of chemotactic factors by IL-1 


Inducer Production of chemotactic activity for? 

Type Dose Monocytes Granulocytes 
Microchamber Agarose Agarose 
assay (%)° test (%)° test (%)° 

IL1B 100 70 59 51 

(U/ml) 10 54 37 75 

1 62 15 24 

0.1 31 0 0 

Unstimulated — 15 0 0 


2 Monolayers of human fibroblasts were stimulated for 48 h. 

P Percentage of the maximal number of effectively migrated monocytes to pure MCP (Protocol 3). 
“Percentage of effective maximal migration distance obtained with an optimal dose of pure MCP or 
GCP/IL-8 (Protocols 1 and 2). 
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(8, 9). However, in view of the low specificity of these chemotactic assays it 
is essential to use purified test cell population and specific antibody against 
each of these molecules in order to characterize the activity measured. The 
development of sensitive immunoassays in addition to bioassays is therefore 
crucial for the detection of these substances in body fluids. 
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Cytokine regulation of endothelial 
cells 


P. ALLAVENA, E. DEJANA, F. BUSSOLINO, A. VECCHI, and 
A. MANTOVANI 


1. Introduction 


Endothelial cells (EC) have long been considered a ‘passive’ lining of blood 
vessels, endowed with negative properties, the most important one being that 
of representing a non-thrombogenic substrate for blood. As such, EC were 
viewed to participate in tissue reactions essentially as targets for injurious 
agents. The possibility of isolating and culturing EC from various tissues gave 
the tools for studying their complex reactions to a variety of activating stimuli. 
EC have, in this way, emerged as active participants in many physiological 
and pathological processes. It is now evident that haemostasis, inflammatory 
reactions, and immunity involve close interactions between immunocompetent 
cells and vascular endothelium. In particular, the ontogeny and function of 
white blood cells require an intimate relationship with vascular EC. Cytokines 
are mediators of these complex bidirectional interactions between leukocytes 
and vascular elements (for review see 1, 2). 

EC represent both a source and a target of cytokines. Activation of EC by 
inflammatory stimuli or other modulatory peptides dramatically changes EC 
function and surface properties. Functional reprogramming of EC by cytokines 
follows discrete patterns with limited redundancy. Typically IL-1 and TNF 
induce a programme related to inflammation and immunity, whereas IFN-y 
activates accessory cell function (2). 

In addition to responding to a variety of cytokines, EC are important 
producers of several of these polypeptide mediators, including IL-1, IL-6, 
colony-stimulating factors (G, M, and GM), and chemotactic cytokines (IL-8 
and monocyte chemotactic protein-1, MCP-1). 

In this chapter we will discuss selected aspects of the methodology involved 
in the evaluation of the interaction of cytokines with vascular cells. In particu- 
lar we will focus on methods and problems that are specifically related to the 
study of EC. These include the culture of EC, the measurement of procoagu- 
lant activity (PCA) and platelet activating factor (PAF), the evaluation of the 
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adhesive properties and migratory capacity of EC. Other functions, such as 
measurement of production of cytokines, present no EC-related specific 
problems and the reader is referred to other chapters in this book and 
elsewhere. We will also discuss the use of the polyoma middle T (PmT) 
oncogene to generate mouse endothelial lines which retain responsiveness to 
cytokines. 


2. Endothelial cells 
2.1 HUVEC 


Human umbilical venous endothelial cells (HUVEC) have frequently been 
used for studies on cytokines. The method for culturing HUVEC has been 
previously described in detail (3, 4). It includes collagenase digestion of the 
vessels to isolate the cells. Collagenase has the advantage over other enzymes 
of selectively digesting the subendothelial basement leaving the cell membrane 
and most of the integral membrane glycoproteins intact. Isolation of EC from 
different tissues (i.e. aorta, brain, kidney, skin) has been described in detail 
(for review see (4-8)). 


Protocol 1. Culture of endothelial cells 


Equipment and reagents 


N.B. All culture reagents in this and the following protocols are from 
Gibco, unless otherwise stated 


e Umbilical cords (at least 20 cm in length) e M199 medium + 20% fetal bovine or 


collected in sterile plastic bags human serum 
e Ca?t- and Mg’*-free Hank’s balanced salt e Culture flasks 
solution (HBSS) e Trypsin (1.5 U/ml)-EDTA (0.02%) 
e Collagenase solution (0.1% in HBSS con- e Endothelial Celli Growth Supplement 
taining Ca2* and Mg?*) (CI. histolyticum, (ECGS, Collaborative Research) 
CLS type I, Worthington Biochemical Corp.) e Heparin (Sigma) 
e Centrifuge e 0.1% gelatin (Difco) coated culture flasks 
Method 


1. Collect umbilical cords (at least 20 cm in length) from normal deliveries 
or Caesarean sections in sterile plastic bags and excise any crushed 
area. In these conditions, cords can be maintained at 4°C up to one 
week before processing. 


2. Perfuse the umbilical vein with Hank’s balanced salt solution (HBSS) 
Ca*t- and Mg?*-free. 


3. Remove HUVEC by short treatment at 37°C with the collagenase solu- 
tion. 


4. Flush out the contents of the vein and wash the lumen with HBSS. 


226 


14: Cytokine regulation of endothelial cells 


5. Spin cell suspensions at 1200 r.p.m. for 10 min. 


6. Resuspend the EC pellet in tissue culture medium (most commonly 
medium 199 (M199) with fetal bovine, or human serum at a 20% con- 
centration). 


7. Seed cells in culture flasks at a concentration not less than 20—40~x 103/ 
cm?. Cell counting is not easy, since cells detached from the vessel wall 
are not dispersed but are in sheets of 5—20 cells, the success of the 
culture being apparently related to the presence of such aggregates. 
In successful primary cultures the cells reach confluence in 7—10 days. 


8. Passage the cells using trypsin-EDTA. After primary culture HUVEC 
can only be maintained for further passages in the presence of 50 pg/ 
ml ECGS and 100 pg/ml heparin and should always be grown on 0.1% 
gelatine coated culture flasks. 





2.1.1 Comments 


Studies on the influence of maternal variables on the success of EC cultures 
showed that if the mother habitually smoked more than 15 cigarettes per day 
this negatively influenced the success of the culture, whereas age, parity, use 
of oxytocin, and pathologies such as diabetes and hypertension had no signifi- 
cant effect. 

It is of interest to consider how variables related to culture conditions can 
affect HUVEC response to cytokines. When the cells are stimulated with 
cytokines, these peptides are added to complete culture medium in the 
presence of serum. During the time of cell activation by cytokines, serum can 
be substituted with 1% human or bovine serum albumin without any apparent 
change in cell response (9). The response of HUVEC to IL-1 and TNF 
declines with cell passage. This is particularly dramatic for PAF production 
which is almost abolished within 10 passages (10). However, other activities 
as prostacyclin (PGI), PCA or induction of membrane adhesive proteins for 
leukocytes gradually decrease with increased passage number. It 1s advisable 
therefore to test HUVEC response to cytokines within the fifth passage. 
Cytokine activities are reversible and are not cytotoxic. 


2.2 Mouse PmT-transformed lines 


Normal EC of human and murine origin are cumbersome to obtain and 
culture. EC lines have been generated sporadically, and, in our experience, 
at least some of them lack important functions of normal EC. The polyoma 
middle T (PmT) oncogene transforms mouse EC (11) and can be used to 
generate immortalized EC cell lines, possibly representative of microvascular 
elements. These lines retain many properties of normal EC including produc- 
tion of and responsiveness to cytokines (12-14). 
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Protocol 2. Generation of murine endothelioma cell-lines 


Equipment and reagents 


e 15 days’ gestation fetuses e Retrovirus vector N-TKmT (produced by 
e 0.05% trypsin + 0.02% EDTA GgP+E cell line, obtained courtesy of Dr E. 
e DMEM medium + 20% FCS (Hyclone labs) Wagner, Wien, Austria) 

(complete medium) e G418 
e Centrifuge e Ca2+- and Mg2*-free PBS or saline 


e 6- and 12-well plates 


Method 


All procedures must be performed with sterile material in aseptic con- 
ditions. 
1. Remove fetuses or organs of interest from 6—8 fetuses of 15 days 
gestation. 


2. Cut organ or fetus in small pieces and trypsinize (trypsin 0.05% + 
EDTA 0.02%, 20 min at 37°C) 


3. Collect supernatants and add the same volume of DMEM medium 
with 20% FCS. 


4. Centrifuge at 1200 r.p.m. for 10 min. 


5. Resuspend the pellet in 2-5 ml of DMEM + 10% FCS (complete 
medium), count and bring the suspension to 0.5—1 x 10° cells/ml. 


6. Distribute 2 ml of cell suspensions to each well of 12-well plates and 
incubate at 37°C, 5% COs. 


7. After 24 h remove medium and add about 10° neo CFU of the retro- 
virus vector N-TKmT per well in 1 ml of complete medium. Virus was 
produced by the GgP + E cell-line obtained through the courtesy of 
Dr E. Wagner (Wien, Austria). 


8. After 2 h remove medium and add fresh complete medium. 
9. After 72 h select PmT infected-neomycin resistant cells with G418, 
800 ug/ml. 
10. Change the medium twice a week, keeping G418 at 800 pg/ml. 
11. Check wells for G418 resistant cells. They usually are observed after 
15—20 days. 


12. When cells are confluent, wash the wells thoroughly two times with 
PBS Ca** and Mg?" free or with saline, add 0.3 ml of trypsin 0.05% 
+ EDTA 0.02% for 2-3 min at 37°C, resuspend the detached cells and 
add 1 ml of complete medium. Transfer all the suspension to a well 
of a 6-well plate and bring to the final volume of 3 ml, with G418 at 
the 800 pg/ml final concentration. 
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13. Check cells for the growth every day. 
14. When confluent, passage the cells 1:3. 
At this stage, cells should not be diluted too much, even if they are 


growing very well. Confluent monolayers can usually be kept 1-2 days 
without damage to the cells. On the other hand, if cells are diluted too 


much, they stop growing and can either remain quiescent for some time 
and eventually grow again, or die. Maintain selection with G418. 





Following this protocol, we have obtained stable cell-lines from heart, brain 
and whole embryo of C57B1. Cell lines show a cobblestone morphology at 
confluency and maintain a monolayer structure without overgrowth. Cells are 
positive for CD31/PECAM-1 antigen, show rapid uptake of fluorescinated 
acetylated low-density lipoprotein, produce IL-6 constitutively and are nega- 
tive or weakly positive for factor VIII-related antigen. Transmission electron 
microscopy revealed that they were uniformly negative for the presence of 
Weibel-Palade bodies. 

Transformed cells maintain many characteristics of normal endothelial 
cells, for instance CD31-expression, modulation of adhesion molecules by 
cytokines and cytokine production (13). They do not constitutively express 
ICAM-1, VCAM-1, E- and P-selectin. These can however be induced, with 
the exception of ICAM-1, by exposure to TNF-a and LPS, but not IL-1. 

Endothelioma cells produce IL-6 and MCP-1/JE, whose production can be 
increased by IL-1 exposure, and EDMF, an endothelial factor able to induce 
EC-migration, recently described (14). 


2.2.1 Comments 

Lines originated from embryo tissues infected in vitro with the PmT oncogene 
of the polyoma virus have been growing in this laboratory for the past 3 years. 
They represent an easy and reliable source of endothelial cells of murine 
origin, suitable for studies on EC biology (12, 15). These lines do not need 
exogeneous growth factors for proliferation. 

All lines have been frozen, stored in liquid nitrogen and recovered without 
problems. 

PmT murine EC-lines originated from haemangiomas (16, 17) have been used 
to generate mAbs against EC-specific antigens expressed constitutively, such 
as CD31 or those induced by cytokines, such as VCAM-1 and ELAM-1 (18). 

EC lines from different organs can be useful to study the potential diversity 
of the microvasculature of different organs. 


3. Chemotaxis 


Chemotaxis is defined as the directional locomotion of cells sensing a gradient 
of the stimulus. Chemotaxis has been extensively studied with leukocytes that 
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are ‘professional migrants’, but a variety of cell types including fibroblasts, 
melanoma cells, keratinocytes, and vascular endothelial cells exhibit directional 
locomotion in vitro. Migration as well as proliferation underlie the process of 
new blood vessel formation. Cytokines such as fibroblast growth factor 
(FGF), TNF, G-, and GM-CSF induce endothelial cell migration in vitro and 
angiogenesis in vivo. 

Two main techniques have been used to measure EC-migration in vitro: 
repair of a wound inflicted on a cell monolayer and chemotaxis across porous 
membranes. While the former approach may more closely resemble the in 
vivo condition of endothelial monolayer lining blood vessels, the latter is 
easier to quantitate and allows analysis of directional versus random loco- 
motion. We will therefore focus on the description of EC-migration through 
a porous membrane. Both a ‘classic’ modified Boyden chamber assay (19) 
and a micromethod (20, 21) will be described. Assays for chemotaxis and 
locomotion of polymorphonuclear leukocytes and monocytes are also discussed 
and described in Chapters 10 and 12. 


3.1 Boyden chamber assay 


Protocol 3. Boyden chamber assay 


Equipment and reagents 


e Boyden chamber (Neuroprobe, see Section e Cytokines: basic FGF (5 ng/ml) (Farmitalia), 


3.1.1) GM-CSF (5 ng/ml), TNFa (500 U/ml) 
e HUVEC e Humidified 5% CQO, incubator 
e 1.5 U/ml trypsin + 0.02% EDTA e Cotton wad 
e M199 medium containing 1% BSA e Forceps 
e Standard chemoattractant: human plasma e Glass slides 
fibrinogen (purified material demonstrating e Diff-Ouik (Harleco) 


only Aa-, BB-, and y-chains (19)) at 1 mg/ml 


Method 


1. Detach confluent HUVEC by brief exposure of the cells to trypsin (1.5 
U/ml)-EDTA (0.02%). 


2. Centrifuge the cells and resuspend at a concentration of 2 x 10°/ml in 
medium 199 containing 1% fetal bovine serum (FBS) or 0.2% bovine 
serum albumin (BSA). 


3. Seed 200 wl of stimulus (diluted in the same medium used for cell 
suspension) in the lower well of the chamber, carefully avoiding air- 
bubble formation. 


4. Lay the filter on the surface of the stimulus with the opaque side up. 
5. Screw tightly the upper part of the chamber so as to create an upper 
well in which 200—400 yl of cell suspension is seeded. 
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6. Incubate the chamber at 37°C in humidified air with 5% CO, for 6 h. 


7. Absorb the liquid in the upper well with a cotton wad and clean with 
care the upper side of the filter. The remaining unmigrated cells should 
be removed. 


. Unscrew the upper part of the chamber, catch the filter with forceps, 
turn over the filter and put it on a glass slide so that the side that has 


contacted with the stimulus is now face-up. 
. Stain the filter with Diff-Quik. 





3.1.1 Modified Boyden chambers and filters 


These chambers (Neuroprobe, Maryland, USA) are composed of two wells: 
the stimulus is placed in the lower well while the cells are placed in the upper 
well. Polycarbonate filters (polyvinylpirrolidone-free), 13 mm diameter with 
5 um pore size and 10 um thickness are obtained from Nucleopore, Pleasanton, 
California. The chemotactic activity of some cytokines is best observed after 
coating the filters with gelatin (or other extracellular matrix protein such as 
fibronectin). The filter should be soaked in 0.5 M acetic acid for 2 min, 
washed with PBS, incubated for 24 h in a 0.01% gelatine solution and air- 
dried. 


3.1.2 Reading the assay 

Chemotaxis is evaluated as number of cells that migrate across the filter and 
adhere to its lower surface. For this reason, cells in a certain number (usually 
ten) of high power fields (with oil immersion) are counted. The results are 
expressed as the mean number (+SE) of migrated cells in three replicates. 
In order to compare the results from different experiments, it is important to 
count the same number of fields and to use the same microscope and object- 
ive. Reading should be done after coding samples. 


3.2 Micro-chemotaxis method 


The micro-chemotaxis method has the advantage of utilizing a minimal quan- 
tity of cells (1 x 10° cells/well compared to 4-8 x 10°/well) in the Boyden 
chamber, and permits evaluation of more samples in one experiment. The 
only difference from the Boyden chamber technique is that the micromethod 
uses a chamber of Plexiglass possessing 48 wells with volume of 25 wl. The 
cover piece, when it is mounted and screwed, forms 50 wl upper wells. One 
microchamber thus contains 48 replicates. The preparation of cells, filter, and 
chemoattractants is the same as described for the conventional method in 
Protocol 3. 

Further discussion and description of this method can be found in Chapter 
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Protocol 4. Micro-chemotaxis method 


Equipment and reagents 


e As Protocol 3 e Clamps (Neuroprobe) 
e Modified Boyden chamber (see above) 


Method 


1. 


Aliquot 25 ul chemoattractant in each lower well. The 25 wl vol. may 
have some variations (2—3 ul more or less), depending on the micro- 
chamber used. It is advisable to calibrate in advance the lower wells, 
so that having seeded the chemoattractant, the liquid in the lower well 
forms a smal! convex surface that guarantees a perfect adhesion of 
the filter avoiding air bubble formation. 


. Put the filter (25 x 85 mm) on the lower compartment. To avoid 


confusing the order of the experimental groups in the filter, cut a 
small piece from one edge of the filter. 


. Mount the silicon trimming and cover piece. Press the cover piece 


tightly to avoid air-bubbles. 


. Seed 50 pl cell suspension (1 x 10° cells) in the upper well by leaning 


the pipette tip on the border of the wel! and quickly ejecting the cell 
suspension. 


5. Incubate the chamber at 37°C in 5% CO, for 6h. 


6. Unscrew and turn over the chamber. Hold the upper compartment 


10. 


tightly and remove the lower compartment, keeping the silicon trim- 
ming and the filter adhered to the upper compartment of the chamber. 
At this point the migrated cells will be on the upper surface of the 
filter. 


. Lift the filter and hold it with a clamp on each end (the clamps are 


purchased from the manufacturer of the chamber, Neuroprobe, Mary- 
land, USA). 


. Wash the opaque side of the filter, where the non-migrated cells 


remain, by passing this side over PBS. Do not immerse entire filter in 
PBS or the migrated cells will be lost. 


. Hold the filter with one of the clamps and clean the opaque side by 


scraping the filter against a special rubber policeman (purchased from 
the manufacturer) to remove all non-migrated cells. 


Stain the filter with Diff-Quik. Read the results as described for con- 
ventional method. 
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3.3 Comments 


The methodology described above, with variations in type of filter, incubation 
time, etc., could be utilized for the evaluation of the motility of haematopoietic 
cells, fibroblasts, smooth muscle cells, and tumour cells. For cells of non- 
haematopoietic origin, coating of the filter with extracellular matrix protein 
is often needed, although it increases background migration. Since the micro- 
method is technically more difficult, classical modified Boyden chambers may 
be a better choice for occasional use. It is important to define whether a 
cytokine that induces migration across filters, does so by random locomotion 
or chemotaxis. A checkerboard experimental design should be used whereby 
different concentrations of the cytokine are seeded in the upper and/or lower 
compartments of the chamber. For a chemotactic signal, maximal migration 
should occur in the presence of a positive concentration gradient between the 
lower and upper compartments, with little or no effect under negative gra- 
dient conditions (chemoattractant only in the upper well) or in the absence 
of a gradient (chemoattractant added to the upper and lower well) (19-21). 


4. Procoagulant activity (PCA) or thromboplastin 
activity 


Thromboplastin is a membrane glycoprotein that is constitutively expressed 
by several cell types. It can be also defined as a high-affinity cell-surface re- 
ceptor and essential cofactor for the serine protease factor VII. The functional 
bimolecular complex possesses serine protease activity that mediates the 
initial proteolytic activation of the extrinsic coagulation cascade and thrombin 
formation. EC do not express PCA in control conditions but they can be 
strongly activated by endotoxin, IL-1 and TNF to do so. An easy, and 
relatively inexpensive way to measure PCA is through a biological assay 
which evaluates the time required by an EC lysate to promote clot formation 
(22). Alternatively, tissue factor can be evaluated using mAb and commercial 
ELISA. 


Protocol 5. Procoagulant?® activity assay 





Equipment and reagents 
N.B. All reagents should be endotoxin-free, as assessed by the Limulus 
assay (Sigma). 


e HUVEC cells e Dry ice/methanol mixture 

e 4 cm? culture wells e Prewarmed transparent plastic tubes 

e Medium (most commonly M199 + 20% e Citrated normal or coagulant-deficient 
FCS) plasma 

e PBS e 0.025 M CaCl, 

e Cytokines 
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Protocol 5. Continued 


Method 


1. 


Culture HUVEC cells in 4 cm? culture wells to confluence (2.5 to 3.5 x 
10° cells/well) as described above. 


. Remove the culture medium [most commonly M199 with 20% fetal calf 


serum (FCS)] and wash once with 1 ml of phosphate buffer saline (PBS). 


. Incubate at 37°C with 600 wl of culture medium in the presence or 


absence of cytokines. 


. At predeterminated intervals remove the supernatant and wash three 


times with 1 ml of PBS. 


. Fill wells with 300 wl of PBS and place at —20°C. Disrupt the cells by 


freeze-thawing: place the cell plates on top of dry-ice/methanol mix- 
ture for freezing and thaw in a 37°C waterbath. Repeat twice more. 
Standard cell culture plates do not crack, even after several freeze- 
thawing cycles. 


. Measure clotting time in prewarmed transparent plastic tubes. 


(a) Add in sequence 0.1 ml test sample, 0.1 ml citrated normal or 
coagulation-deficient plasma and 0.1 ml of 0.025 M CaCl. 


(b 


~~ 


Optically evaluate the time in seconds required for clot formation 
in a waterbath at 37°C. 


(c) Express the results in arbitrary units/mg protein by comparison 
with a standard curve of clotting times produced by dilution of 
standard rabbit brain thromboplastin (1000 units of thromboplastin 
causes normal plasma to clot in 20 sec). 


*The type of procoagulant activity can be identified using human plasmas selectively de- 
ficient in factors Il, VIII, VII, IX, or X (Merz-Dade, Duding, Switzerland). Only substitution of 
normal plasma with factor VII deficient plasma can abolish PCA activity. Further characteriza- 
tion can be performed by use of known inhibitors of cell procoagulants, namely cysteine 
protease inhibitors HgCl and iodoacetamide (Sigma Chemicals, St Louis, Missouri, USA). 


4.1 Comments 


IL-1, TNF and endotoxin are potent inducers of PCA in HUVEC. This 
activity requires protein synthesis and is fully inhibited by protein synthesis 
inhibitors. The time-course of PCA induction is identical for the two cyto- 
kines and endotoxin: the activity requires at least 1 h to be apparent, peaks 
at 4—6 h, and declines within 12 h. The active concentrations for endotoxin 
are 1-10 pg/ml (using Salmonella enteritidis lipopolysaccharide or Escher- 
ichia coli, Difco, Detroit, Michigan, USA) for IL—1 1—10 units/ml, and for 
TNF 1-10 units/ml. 

For this assay it is of importance to use endotoxin-free reagents (media and 
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sera) for culturing the cells before the assay due to very high sensitivity of 
HUVEC to endotoxin-induced PCA. Both IL-a and B are able to promote 
PCA in HUVEC without any apparent difference in activity. Lymphotoxin 
(TNF-B) is also active. Other cytokines we tested (IFNs -a, B, and y, G-, M-, 
and GM-CSF, IL-6) were inactive (1). 


5. Platelet-activating factor (PAF) 


The term PAF defines a group of potent biologically active, ether-linked 
phosphocholines, the alkylacetylglycerophosphocholines (23). In addition to 
its activity on platelets, PAF possesses a broad range of biological activities 
at nanomolar concentrations. A number of cells and tissues produce PAF 
upon stimulation, through a deacylation~acetylation cycle that is catalysed by 
a phospholipase A2 and by a specific acetyl CoA acetyltransferase (23). The 
time-course of stimulation of this pathway can be rapid (few minutes) or 
prolonged (several hours). EC represent a good model for these two types 
of stimulation. For instance, they produce PAF in a few minutes when 
stimulated with thrombin, or in several hours when stimulated with IL-1/TNF 
(9, 24). A second, de novo, pathway has been described which is suggested 
to maintain a basal level of PAF in certain cells and tissues (23). 

It is difficult to obtain highly accurate measurements of picomols or fento- 
mols of PAF produced by cells. Several approaches have been used to 
measure PAF. The most commonly used and sensitive method is based on 
activation of washed rabbit platelets. The incorporation of labelled acetate 
(25) can be employed to show the synthesis of PAF by stimulated cells, but 
the method does not give information on the true PAF concentration or on 
bioactivity. Mass spectrometry gives accurate results, permits the identifica- 
tion of different molecular species of PAF, but requires careful preparation 
of the samples and is also limited by the sample size. 

More recently, polyclonal antibodies have been produced against PAF, but 
measurement by radioimmunoassay is not highly sensitive and the antibody 
can cross-react with other phosphoglycerides. We summarize here the current 
techniques routinely used in our laboratories to measure PAF in EC. 


5.1 Cell cultures used for PAF assay 


Several endothelial cell types (aortic and capillary bovine EC, human EC 
from veins, arteries or capillaries, aortic rabbit EC) are able to produce PAF, 
that remains in part (80%) associated to the cells, and in part released. EC 
should be grown to confluence in plastic Petri dishes (35 mm or 100 mm 
diameter purchased from Costar or Becton Dickinson) without any coating 
with exogenous proteins, as these can bind PAF. Endothelioma cell-lines 
deriving of different murine tissues and immortalized by mT antigen of 
polyoma virus represent a useful tool to study the synthesis of PAF by 
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stimulations, maintain pH with 20 mM Hepes, in bicarbonate-free medium. 


For prolonged stimulations it is advisable to use a bicarbonate/carbonic 


anhydride buffer system. 


5.2 Extraction of PAF 


PAF in cells and medium is routinely extracted by a modification of the 
procedure of Pinckard (26), in which methanol contains 50 mM acetic acid 


or 1 M formic acid to improve the recovery of acetic lipids. 


Protocol 6. PAF extraction from cells and medium 


Equipment and reagents 


e Endothelial cells e 0.1 M sodium acetate 

e Cold acidified methanol e Centrifuge 

e 35 mm diameter dishes e Nitrogen gas stream 

e [°H]PAF (Amersham, 9.25 MBq, 250 pCi/ml) e TLC system (silica gel H, Merck) 

e Rubber policeman e Chloroform:methanol:water (65:35:6, v/v 
e Polypropylene tubes and 1:2:0.8, v/v) 

e Chloroform 

Method 

1. To extract PAF from adherent EC, rapidly remove the medium and 


add 1 ml of cold acidified methanol to a 35 mm diameter dish. Add a 
small amount of °H-PAF (50000 c.p.m.) (Amersham) to monitor re- 
covery. 


. Scrape the cells off with a rubber policeman and wash the plastic dish 


twice with 1 ml of acidified methanol. 


- To 3 mi of acidified methanol collected in a polypropylene tube (a glass 


tube is not advised since its surface can bind PAF) add 1.2 ml of water 
and 1.5 ml of chloroform. 


4. Mix the monophasic mixture and leave at room temp. for 30 min. 


. Add 1.5 ml of sodium acetate 0.1 M and 1.5 ml chloroform. 


6. Mix thoroughly by shaking and centrifuge at 200 g for 5 min. Collect 


the bottom organic phase and extract the aqueous phase twice with 
2 ml of chloroform. 


. Dry the sample under a nitrogen stream. 


. To extract PAF from 1 ml of medium, add 2.4 ml of acidified methanol 


and 1.2 ml of chloroform and then process the mixture as above. 
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9. PAF is isolated from other lipids by thin-layer chromatography (TLC) 
(silica gel H, Merck) by using chloroform:methanol:water (65:35:6, v/v) 
as solvent system. The lipid material, with an RF from 0.18 to 0.22, is 
extracted by incubating the silica for 20 min at room temp. with 3 ml 
of chloroform:methanol:water (1:2:0.8, v/v). This procedure is re- 
peated three times. The extracted lipid is used for characterization and 
biological assay. 





5.3 Identification of PAF 


There are a number of well-defined criteria for positive identification of PAF. 


(a) The test lipid should migrate with authentic PAF on TCL with an RF of 
0.21 between lyso-phosphatidylcholine (RF 0.11) and phosphatidylcholine 
(RF 0.31) (solvent system: chloroform:methanol:water, 65:35:6, v/v). 


(b) In the HPLC system, the separation is carried out on a 300 X 4.5 mm 
microporasil column (water) eluted with chloroform:methanol:water 
(60:55:5) at a flow rate of 1 ml per min. PAF shows a retention time of 
21 min, between phosphatidylcholine (retention time 10 min) and 
lyso-phosphatidylcholine (retention time 26 min). 


(c) PAF activity should be destroyed by base-catalysed methanolysis (3 min 
incubation in 1 ml of NaOH 0.05 N dissolved in methanol) and by 
phospholipase A2 treatment [0.03 mg of phospholipase A2 from pig 
pancreas (Sigma), in 1 ml of Tris-buffered saline containing 10 mM 
CaCl, 1 h incubation at 37°C], that both remove the acetyl group at sn-2 
position. 

(d) Removal of the phosphocholine by treatment with phospholipase C 
destroys the PAF activity [0.05 mg of phospholipase C from Bacillus 
cereus (Sigma), in 1 ml of 0.1 M Tris-HCl buffer, pH 7.4, containing 1 
mM CaCl, 6 h incubation at 22°C]. 


Treatment of the sample with lipase A1 [0.2 mg lipase Al from Rhizopus 
arrhizus, (Sigma), 1 ml of 0.1 M borate buffer, pH 6.5 containing 10 mM 
CaCl,, 1 mM deoxycholate and 0.4% BSA, 6 h of incubation at 22°C], 
acid (0.03 N HCl, 3 h at 22°C), and weak base (28% ammonium hydroxide 
for 30 min at room temp.) does not abolish the biological activity of PAF. 
After the mentioned treatments, the lipids are extracted as described and 
compared to untreated controls. 


Ner” 


(ce 


5.4 Quantitation of PAF by bioassay 


Both aggregation and degranulation of washed rabbit platelets are commonly 
used to measure PAF activity in the sample. Rabbit platelets respond readily 
at concentrations from 10 pM to 1 nM. The response to PAF of platelets 
prepared from the blood of adult or old New Zealand white rabbits is better 


237 


P. Allavena et al. 


in terms of sensitivity and time to response than that of platelets from young 
rabbits. The preparation of platelets is carried out at room temperature by 
using polypropylene materials. 





Protocol 7. Quantitation of PAF by platelet aggregation 


Equipment and reagents 


e Rabbit blood (see step 1) e Gelatine Tyrode's buffer (as above) contain- 
e EDTA ing 1 mM CaClo, pH 7.4 

e Centrifuge e Elvi 540 aggregometer + cuvettes 

e Ca2*+-free gelatine Tyrode's buffer: 137 mM ®© Standard PAF (Bachem) 


NaCl, 1 mM MgCl, 2.6 mM KCI, 12 mM e Saline containing 0.25% BSA 
NaHCO}, 5 mM glucose, 0.25% Difco gela- 
tine, pH 6.5 


Method 


1. Collect blood from the central ear artery of a rabbit in 5 mM EDTA (final 
concentration) and centrifuge at 375 g for 20 min. 


2. Collect the top two-thirds of platelet-rich plasma (PRP) and centrifuge 
at 1450 g for 15 min. 


3. Wash platelets twice in 50 ml of Ca**-free gelatine Tyrode’s buffer and 
resuspend in the same buffer at a concentration of 6 x 10°/ml. 


4. For aggregation, dilute platelets 1 to 6 in gelatine Tyrode’s buffer 
(Ca**-free gelatine-Tyrode’s buffer containing 1 mM CaClo, pH 7.4) in 
the cuvette (0.5 ml vol.) of an Elvi 540 aggregometer. Test samples and 
standard PAF (16:0 PAF, Bachem) at the desired dilutions (4 points in 
the linear range should be used) in saline containing 0.25% BSA. The 
PAF content of the samples is quantitated by testing several dilutions 
of the same sample and linearly correlating the aggregation with that 
of the standard curve. 


Protocol 8. Degranulation assay for PAF 


Equipment and reagents 


e PRP Plastic tubes 
e ['4C] serotonin (Amersham, 9.25 MBq, 1.5 M formaldehyde 
1 pCi/ml) Scintillation counter 
e Ca**-free Gelatine Tyrode's buffer (see Pro- 2.5% Triton X-100 
tocol 7) Saline containing 0.25% BSA 





Method 


1. Incubate PRP with ['*C]serotonin (Amersham, 1 pCi/ml) for 15 min at 
37°C. The labelled platelets are then treated as described above. 
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2. Add 5—10 wl of the dilutions to 0.2 ml of diluted platelets in gelatine 
Tyrode’s buffer in plastic tube, and after 1 min of incubation at 37°C, 
stop the reaction by 0.05 ml of 1.5 M formaldehyde. 


3. Centrifuge the samples at 12000 g for 30 sec, and count released 
radioactivity. Calculate the total amount of label in the platelets, lysing 
with 0.01 ml 2.5% Triton X-100. The background release is determined 
by incubation of platelets with 0.01 ml of saline containing BSA. 


4. Plot the results of the assays as % of ['*C] serotonin release. This rises 
linearly with the concentration of standard up to 30 to 50% release. 
Comparison of the amounts of the sample required to give the same 
activity as in a standard calibration curve provides a measure of the 
moles of PAF present. 





5.5 Quantification of PAF by HPLC-tandem mass 
spectrometry 


A newly developed technique based on HPLC-tandem mass spectrometry 
(HPLC-MS/MS) has been developed by our colleagues and it permits chemi- 
cal analysis and quantitation of PAF without any derivatization (27, 28). 


Protocol 9. Mass spectrometry assay of PAF 


Equipment and reagents 


e API Ill (Perkin-Elmer Sciex) mass spectro- e HPLC equipment (Waters, Millipore) equip- 
meter with an ion spray articulated source, ped with a reverse-phase column (Phase 
interfaced to a syringe pump (HPLC, Italy), separations, Spherisorb C18, 5 mm, 100 x 
and a Perkin-Elmer ISS-101 autosampler 1mm i.d.) 

e TLC purified samples e Argon 


e Mobile phase: methanol:2-propanol: 
hexane:0.1 M aqueous ammonium acetate 
(100:10:2:5, v/v) 


Method 


1. Resuspend TLC-purified samples in 50 wl of mobile phase (methanol- 
2-propanol-hexane 0.1 M aqueous ammonium acetate; 100:10:2:5, v/v) 
and inject 20 ul of sample into HPLC (Waters, Millipore) equipped with 
a reverse-phase column (Phase separations, Spherisorb C18, 5 mm, 
100 x 1 mm I.D.). Elute the sample with the mobile phase at a flow rate 
of 50 pl/min. 


2. Perform mass spectrometry analyses under MS/MS conditions by 
parent ions scan or by multiple reactions monitoring (MRM). Fragmen- 
tation is obtained by collision with argon at a collision gas thickness of 
2.7 x 10'2 atoms/cm? and at an impact energy of 70 eV. Parent ions 
spectra, positive mode, are obtained from daughter ion with m/z 184, 
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Protocol 9. Continued 


corresponding to phosphocholine fragment; the scanning range is m/z 
100—600. 


3. In the MRM analyses, acquired in positive mode, the study of different 
PAF molecular species is done by using the following reactions (parent 
ions — daughter ions): alkyl-PAF C16:0, 524 — 183.8; alkyl-PAF C18:0, 
552 — 183.8; alkyl-lyso-PAF C16:0, 482 — 183.8; acyl-PAF C18:1, 550 — 
183.8; acyl-PAF C16:0, 538 — 183.8. 


4. The quantitative data are obtained by comparing the peak areas, at the 
retention time(s) characteristic of each compound, in the unknown 
samples to those from standard containing known amount of each 
analyte extracted and processed as the real samples. 





5.6 Comments 


The specificity of the two bioassays can be checked by the use of a PAF 
receptor antagonist (5 to 15 uM, CV-3988 from Takeda, Japan, BN52021 
from IHB, France, SRI-6341 from Sandoz, USA), that block completely the 
aggregation and degranulation of platelets by authentic PAF. Addition of 
indomethacin (10 uM) and a creatine phosphate (0.3 mg/ml)-creatine-phos- 
phokinase (0.15 mg/ml) enzymatic system minimizes the possible influence 
of arachidonic acid and ADP on the assays and increases the specificity for 
PAF. 

In our experience, the aggregation of washed rabbit platelets is the easiest 
and least expensive method of quantifying PAF produced by EC, in particular 
when cytokines are used as stimulus. It is possible to measure 20 to 40 TLC- 
purified samples per day, with 80-100 ml of blood. It is important to ascertain 
that the procedures give a good recovery and are yielding reliable results by 
using appropriate standards. The standard curve should be linear, and con- 
trolled during the aggregation test each hour, to be sure of the sensitivity of 
the platelets. Many authors quantitate PAF by a radiometric method based 
on the evaluation of labelled acetate incorporation into a phospholipid having 
the same mobility properties on TLC systems of synthetic PAF (29). In EC 
stimulated with cytokines, this is not an adequate method. In EC stimulated 
with IL-1 and TNF, which trigger PAF synthesis after 4-6 h, the radiometric 
method is not adequate. Comparison of HPLC-MS/MS and bioassay with the 
incorporation of [*H]acetate into the newly synthesized PAF indicates that 
the radiometric technique is suitable for stimuli that trigger a rapid synthesis 
of PAF, such as thrombin and elastase, but not for stimuli that require a long 
period of incubation, such as cytokines. The moles of [*H]acetate incorpo- 
rated in PAF newly synthesized after stimulation with TNF-a and IL-1a did 
not correspond to the moles of PAF detected by biological assay or HPLC- 
MS/MS. In fact resting EC (500 000 cells) contain about 0.1-0.3 pmoles PAF, 
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that cannot be measured by radiometric assay. However, when elastase was 
used as stimulus the results obtained as acetate incorporation were com- 
parable with that obtained with the biological assay and HPLC-MS/MS (F. 
Bussolino, L. Silvestro, and G. Camussi, in preparation). Moreover by 
radiometric technique one can quantitate the moles of acetate incorporated 
into newly synthesized PAF, but not the moles of PAF produced because 
there is no Knowledge of the size of endogenous acetate pool of EC. This may 
prove to be relevant in diluting and competing with labelled acetate especially 
in long-term experiments. Furthermore exchange acetate reactions between 
lipids, proteins and carbohydrates could be relevant in these conditions. 


6. Leukocyte adhesion and transmigration 


The emigration of leukocytes from blood to tissues is essential to mediate 
immune surveillance and to mount inflammatory responses. The interaction 
of leukocytes with EC can be divided into four sequential steps: tethering, 
triggering, strong adhesion, and migration. The selectin family of adhesion 
molecules mediates tethering; strong adhesion is mediated by the integrin 
family, which need to be activated (triggering), and finally migration is induced 
by local promigratory factors including some cytokines and chemokines (30, 31). 

We have studied the adhesive properties and transendothelial migration of 
various leukocyte subsets, but our interest has particularly focused on NK 
cells. These methods may also apply for investigation of other cell types, for 
instance tumour cells. 


Protocol 10. Adhesion assay 


Equipment and reagents 


e Normal blood e 96-well plates 

e Complete medium: RPMI 1640 + 10% FBS eœ IL-1 

e ©'Cr (Amersham, 37 MBq, 1 mCi) e 0.05% NaOH + 1% SDS 

e Endothelial cells e Gamma counter windowed for °'Cr 
Method 


1. Separate PMN, monocytes, NK cells, or lymphocytes from buffy-coats 
of normal blood donors, as described (32, 33 and Chapters 10, 11, and 
12). 

2. Resuspend cells at 10’ cells/ml in complete medium and label by 
incubation with 100 aCi °'Cr for 1 h at 37°C. 

3. After labelling wash extensively and resuspend in complete medium. 

4. Culture EC in 96-well plates (1 x 10*/well) in order to reach a confluent 
monolayer in 36—48 h. Stimulate designated wells with IL-1 (10 ng/ml) 
during the last 18 h of culture. 
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Protocol 10. Continued 


5. Incubate EC with 100 pl of ©'Cr-labelled cells resuspended at 10° cells/ 
ml and incubate at 37°C for 30 min. 


6. Carefully remove the supernatant and wash the cells twice to remove 
non-adherent cells. 


7. Incubate the adherent cells with 100 wl of 0.05% NaOH +1% SDS for 
5 min and count radioactivity using a gamma-counter. Express cell 
adhesion as % of input cells. 





6.1 Comments 


The spontaneous adhesion of resting leukocytes to unstimulated EC varies 
for different subsets. For instance, the adhesion of NK cells is usually 5-15%, 
a value intermediate between that of monocytes (20-40% ) and the very low 
value of T cells and PMN (< 5%). With monocytes and NK cells there is 
usually a high degree of variability among different donors. 

The adhesive capacity of leukocytes to EC can be modulated by various 
signals. When EC are stimulated with IL-1, leukocyte adhesion increases, as 
EC express new adhesion molecules. Studies with specific mAb have demon- 
strated that the interaction of NK cells and monocytes with resting EC is 
mediated by the LFA-1/ICAM-1,2 pathway, while that on IL-1-activated EC 
involves both LFA-1/ICAM-1 and VLA-4/VCAM-1 (33). 

Cytokines can also affect leukocytes directly. IL-2 and IL-12, for instance, 
increase NK cell adhesion to EC, while IL-4 has inhibitory activity. 


Protocol 11. Transmigration assay 


Equipment and reagents 


e See Reference 34 M199 complete medium 


e 
e EC cells e Uncoated nitrocellulose filter (5 wm pore) 
e 


e Gelatine precoated PVP-free polycarbonate Leukocytes 
filters (5 um pore) e Cotton buds 
e 24-well plates e Vials 
e Boyden chambers e Gamma counter windowed for °'Cr 





Method 


A schematic representation of the radioisotopic transmigration assay is 
shown in Figure 7 and described in ref. 34. 


1. Subculture EC to confluence on gelatine precoated PVP-free poly- 
carbonate filters (5 um pore) in 24-well-plates (8—10 x 10* EC per well 
reach confluence in 5 to 6 days). 


2. Mount the filters with confluent EC monolayers on Boyden chambers 
and cover with 0.15 ml of M199 complete medium. The lower compart- 
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ment contains 0.2 ml of complete medium overlayered by an uncoated 
nitrocellulose filter (5 um pore). 


3. Seed leukocytes 3—6 x 10° in 0.15 ml of complete medium in the upper 
compartment of the chamber and incubate at 37°C for 60 min. 


4. After incubation, collect the medium with unattached cells and wash 
the EC monolayers with 0.5 ml warm medium. These two fractions are 
pooled (non-adherent fraction). The intact EC monolayers together 
with adherent leukocytes are gently collected with cotton buds (bound 
fraction). Transfer the double-filter system to vials together with the 
medium of the lower compartment (migrated fraction). Measure radio- 
activity in the three fractions. The recovery of radioactivity is more than 
95%. 





With NK cells, only a proportion (usually 30% ) of adherent cells are able to 
transmigrate during the assay. When EC are activated with IL-1 a greater 
number of cells adhere, but usually the same proportion transmigrate. It 
should be noted that IL-1 does not change the state of confluence of the 
monolayer, as determined by staining. 

Activation of NK cells with IL-2 increases their transmigration. As IL-2- 
activated NK cells are potent killers, and EC cells are a sensitive target, 
these experiments must be performed with a shorter incubation time of 
30 min. 

As for adhesion, the process of migration also is mediated via the inter- 
action of LFA-1 and VLA-4 with their respective ligands on EC. 

The transmigration assay can be performed also in Transwell plates, which 
are easier to use, but expensive. 


non-Adherent 


EC monolayer — Bound 
polycarbonate filter — 
nitrocellulose filter — 
Transmigrated els (ehh 


E 





Figure 1. Cross-section of the compartments of a transmigration apparatus; a modified 
Boyden chamber was used. 
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Biological assays for haemopoietic 
growth factors 


N. G. TESTA, C. M. HEYWORTH, B. I. LORD, and 
E. A. DE WYNTER 


1. Introduction 


The aim of this chapter is to summarize in vitro standard assays used to 
investigate the myeloid growth factors interleukin-3 (IL-3), granulocyte- 
macrophage colony-stimulating factor (GM-CSF), granulocyte colony- 
stimulating factor (G-CSF), macrophage colony-stimulating factor (M-CSF), 
and erythropoietin (Epo). Such methods are illustrated by experimental pro- 
tocols using murine cells, and with selected examples using human bone- 
marrow cells. 

Two primary approaches are used for the in vitro study of these factors. 
The first uses the clonal assays that first detected the CSFs, and then moni- 
tored their purification (1, 2). In these assays, in which cell proliferation is 
absolutely dependent on the continuous presence of CSFs, the progeny of 
single cells (colony-forming cells, CFC) are observed as colonies composed 
of haemopoietic cells (1). The second approach uses growth factor-dependent 
cell-lines which provide a quick method for their titration. Some of these are 
described here and other cell-line assays are described in Chapter 2. 

The advantages of the clonal assays are: 


(a) They are performed with freshly isolated haemopoietic cells, which are 
the physiological targets of these growth factors (1, 2). 


(b) The CFC range from primitive multipotential cells, with extended pro- 
liferation capacity (and some degree of self-renewal), to later cells com- 
mitted to differentiation into one cell lineage, and which show a more 
restricted capacity for proliferation (1, 3, 4). Thus, the action of growth 
factors on a wide range of different populations of progenitor cells can 
be investigated (5, 6). 


(c) They allow the study of the mature cells in the colonies, and thus the 
influence of a given factor on the determination of the lineage along 
which CFC differentiate (1, 5, 6, 7). 
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(d) Purified subpopulations of CFC, and serum-free cultures, allow the 
distinction between direct and indirect biological effects of the growth 
factor in primary cultures of haemopoietic cells (5, 8, 9). This type of 
information is particularly important for the understanding of the com- 
plex networks that regulate their proliferation and differentiation. 


Factor-dependent cell-lines provide quicker results than clonal assays for 
screening purposes (10). In addition, they offer the possibility of studying the 
mechanisms of action of the growth factor (11) in 
(a) Promoting cell survival. 

(b) Stimulating proliferation. 
(c) Inducing differentiation. 
(d) Inducing the functional activity of the mature cells. 


Similar studies like those performed with cell-lines are at present being 
undertaken using purified populations of CFC (9). 


2. Preparation of cell suspensions 


2.1 Murine bone-marrow 


Femora are the usual source of bone-marrow cells. For standard plating 
experiments, three femora are used to prepare a cell suspension as shown in 
Protocol 1. 


Protocol 1. Preparation of a cell suspension from murine bone- 
marrow 


Equipment and reagents 


e Sterile gauze e Syringe fitted with 24-gauge needle 
e Mouse femora e Culture medium 
e Clean scissors e Microscope and haemocytometer 


Method 
. Clean dissected femora of muscle tissue by wiping with sterile gauze. 
. Cut the epyphysis with clean scissors. 


. Insert a needle (23-gauge) attached to a syringe (containing 1 ml of the 
culture medium, preferably the same as to be used for culture) into the 
bone cavity. 


. Wash the bone cavity two or three times gently but thoroughly by 
flushing the medium up and down, into a sterile container. 


. Countthe cells. About 1.5—2.0 x 107 cells per femur are usually obtained. 
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2.1.1 Comments 

For plating experiments, the cell suspension may be diluted to 5 x 10°-10° 
cells per millilitre, or 10 x the cell concentration desired for plating. Although 
plating is usually performed as soon as the cells are ready, the cell suspensions 
can be kept on ice for 4—5 h without loss of cell viability of the CFC (3). 


2.2 Human bone-marrow 





Protocol 2. Preparation of cell suspensions from human bone- 
marrow 


Equipment and reagents 


e Human bone-marrow aspirates e Centrifuge (MSE 3000i) 
e Sterile tubes e FCS 
e Iscove’s modified Dulbecco's medium e Pipettes 
(IMDM) e Microscope and haemocytometer 


e Preservative-free heparin 


Method 


1. Collect bone-marrow aspirates in sterile tubes containing 5—10 ml of 
Iscove’s modified Dulbecco’s medium (IMDM) plus 400 units of 
preservative-free heparin. 


2. Centrifuge the cells (600—1000 g) for 10 min, discard the supernatant 
and resuspend the cells in IMDM plus 2% fetal calf serum (FCS), and 
mix gently by pipetting. 

3. Count the cells in a haemocytometer and adjust concentration as 
needed (see Protocol 1). As the cellularity of bone-marrow aspirates 
varies with the pathology of the patient, and also with the aspiration 
technique, some judgement must be exercised about the volume used 
to resuspend the cells. Hypocellular marrow samples are resuspended 
in 1—2 ml, but usually 5—10 ml are used. 


4. Keep the cell suspensions on ice until plating. 


2.2.1 Comments 

Sometimes the source of bone-marrow is not a diagnostic aspirate, but marrow 
obtained from sections of ribs removed for access during surgery. Protocols 
for processing these samples may be found in ref. 12. 

It is important to realize that all human bone-marrow samples are con- 
sidered to be of potential risk (hepatitis virus, HIV, and other possible 
infective agents) and need to be handled with care. The use of appropriate 
laminar flow cabinets, centrifuges which minimize aerosol contaminations, 
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the careful use (or avoidance when possible) of sharp instruments, the use of 
appropriate containers in transport, are essential precautions that must be 
undertaken. The legal requirements for safety at work are available in all 
laboratories. Careful reading of the required regulations and adequate in- 
struction of the operators are essential requirements for working with clinical 
samples (3, 12). 


2.3 Separation of excess red cells from human bone- 
marrow samples 

This step is needed when it is judged that there is a large contamination with 

peripheral blood in the bone-marrow aspirate, or to separate the red cells in 

samples of peripheral blood. 


Protocol 3. Separation of red cells from human bone-marrow 


Equipment and reagents 


e Human bone-marrow aspirate e Pipettes 
e Ficoll-Hypaque (d = 1.077 g/ml) e FCS 
e Centrifuge 


Method 


1. Layer the bone-marrow aspirate on a volume ratio of 4:3 slowly down 
the side of the tube (to avoid mixing) on top of Ficoll-Hypaque prepara- 
tion (density 1.077 g/ml). 

. Spin at 400 g for 30 min. There should be a red pellet at the bottom of 
the tube, a clear layer of medium, a cloudy interface layer (with the 
cells to be harvested) and a plasma/medium layer on top. 

. Remove the interphase layer aspirating with a pipette (never mouth 
pipette, see Section 2.2.1) and discard the rest. 


. Suspend the cells in 10 ml of IMDM plus 2% FCS, and proceed as 
described in Section 2.2. 





3. Standard clonal assays 


3.1 Murine bone-marrow 


As an example, Protocol 4 details the steps for the assay of Mix-CFC from 
murine bone-marrow. This assay allows the growth of mixed colonies, which 
may contain several myeloid lineages (neutrophils, eosinophils, basophils, 
erythroid cells, monocytes-macrophages, and megakaryocytes) resulting from 
clonal proliferation of Mix-CFC. In addition, pure erythroid colonies (progeny 
of BFU-E), as well as colonies of neutrophilic granulocytes and macrophages 
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(derived from GM-CFC), pure macrophage colonies (from M-CFC) or pure 
colonies of neutrophilic granulocytes (from G-CFC), eosinophils (from Eo- 
CFC) or megakaryocytes (from Meg-CFC) also grow. For further informa- 
tion, see ref. 13. 


Protocol 4. Mix-CFC assay for murine bone-marrow 


Equipment and reagents 


e Murine bone-marrow cells (see Protocol 1) e Agar (3.3%) 

e 3 cm diameter Petri dishes (Falcon) e Fully humidified gas incubator (5% CO; in 
ə BSA (10% stock solution) air, or 5% CO; plus 5% O; in nitrogen) 

e Growth factor or conditioned medium e Microscope with zoom lens or an inverted 
e FCS (pre-tested, Flow or Gibco) microscope 

e Erythropoietin (2 U) e Pasteur pipettes 

e IMDM (see Protocol 2) e Cytospin 

Method 


1. Plate three aliquots of 1 ml containing 5 x 10* cells each in Petri 
dishes of 3 cm diameter (Falcon). 
2. Make up the plating mixture as follows, to a total value of 3.3 ml (to 
allow 0.3 ml for waste). 
Volume (%) For3.3 ml 
Cell suspension (10 x desired final cell 


concentration) 10 0.33 
BSA (10% stock solution, see Sections 4.2 

and 3.2.2) 10 0.33 
Growth factor or conditioned medium 10 0.33 
FCS (pre-tested, Flow or Gibco) 20 0.66 
Erythropoietin (2 units) 2 0.066 
IMDM 48 1.32 


3. Put agar (3.3%) into a boiling-waterbath to melt. 

4. (Optional). While the agar is melting, warm the plating mixture to 
37°C in a water bath to prevent the agar from setting too quickly when 
added. 

5. Add 0.30 ml of agar, mix thoroughly but gently, and plate 1 ml per 
dish. 

6. Place dishes on a tray and allow to set. They can be placed in a 
refrigerator for about 2 min to speed the process. 

7. Check that the agar has set (it will not set into a smooth gel at 37°C) 
and put the plates into a fully humidified gas incubator at 37°C. The 
gas mixture may be 5% CO; in air or 5% CO- plus 5% Oz in nitrogen. 
Low O; concentration may improve growth (3, 14). 
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Protocol 4. Continued 
8. Incubate for 10 days. 


9. Score the colonies under about 40 x magnification using a micro- 
scope with a zoom lens, or an inverted microscope. 


10. Individual colonies can be picked up for cytological examination using 
a Pasteur pipette. They are suspended in 0.1 ml of medium (plus a 
source of protein, either 1% serum or 0.1% BSA) for standard cytospin 
preparations. 





The conditions can be varied to select for the growth of discrete popula- 
tions of murine CFC (13). 


(a) Omit Epo if erythroid growth is not desired. 
(b) BSA is not essential for the growth of GM-CFC, G-CFC, and M-CFC. 
(c) Granulocytic colonies are best scored after 7 days. 


(d) Colonies derived from relatively mature erythroid progenitors (CFU-E) 
are scored after two days of incubation. They disappear at later times 
(3). These colonies only need 0.2 units of Epo per millilitre. 


3.2 Human bone-marrow or peripheral blood 


Basically similar conditions to those for murine bone-marrow are used, but 
7 days of incubation are required for CFU-E, 9-14 days for GM-CFC, and 
14 days for BFU-E and Mix-CFC. The main modification that may be needed 
is when the cells are recovered for cytogenetic examination (14, 15). Good 
chromosome preparations have not been obtained when the matrix used for 
colony growth is agar. Therefore, methylcellulose (viscosity 4000 c.p.s., Dow 
Chemicals) is used as a 1.6-2.7% stock solution in IMDM (different batches 
may vary in viscosity, and concentrations should be tested for every batch). 
A detailed protocol for its preparation may be found in ref. 12. Volumes of 
the plating mixture in Protocol 4 are adjusted to allow 50-50 mix of the stock 
methylcellulose preparation and the rest of the culture components. 


3.3 General comments 
3.3.1 Factors and CFC 


The CFU-E are the progenitor cell populations most sensitive to Epo, and 
the choice population of CFC to study its effects (17). Earlier erythroid 
progenitors (BFU-E) need other factors (IL-3 or GM-CSF) to proliferate 
before Epo becomes essential for further progression and maturation along 
the erythroid lineage. Multipotential Mix-CFC will proliferate in response to 
IL-3 and, to a lesser extent, GM-CSF, while the bipotential GM-CFC will 
respond to GM-CSF. The progenitors with the most restricted differentiation 
potential, G-CFC and M-CFC, will respond preferentially to their respective 
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lineage specific stimulators, G or M-CSF (1, 2). These factors also interact 
producing additive or potentiating effects on colony growth (5, 6, 18). Other 
factors not covered in this chapter (like stem cell factor, SCF, IL-1, IL-6, 
cMip ligand) also have additive or potentiating effects (12, 13). 


3.3.2 Technical comments and possible problems 
Possible problems may be encountered at each step in a culture protocol. 


(a) Concentrated cell suspensions, or those with numerous red cells may 
contain cell aggregates. To plate single-cell suspensions, those aggregates 
must be dispersed by gentle pipetting. 


(b) Two main precautions should be taken with synthetic culture medium. 
Even after preparing stock according to manufacturer’s instructions, it 
should be checked that the osmolarity is 280-300 m osmol for murine 
cells (19) and 300 for human cells (3). Freshness of the medium is also 
essential. Storage at 4°C for more than a fortnight is discouraged (20). 


(c) Every batch of serum should be pre-tested before use (see Section 4.1). 
Sometimes screening of several batches is necessary to find one that 
supports adequate growth. Serum may be kept frozen at —20°C for about 
a year. Thawed aliquots should be used within a fortnight. 


(d) BSA (Grade V, Sigma) also needs to be pretested. Deionized solutions 
should be used. Detailed protocols are found in ref. 3. Stock solutions 
may be kept frozen at —20°C for about a year, aliquoted in convenient 
volumes to avoid repeated thawing and freezing. 


(e) The main problems encountered in incubators are drying of cultures and 
temperature gradients. An increase in temperature of 0.1°C over 37°C 
may be critical, but decreases are better tolerated. Excessive opening of 
the incubator or excessive gas flow may contribute to dryness, resulting 
in poor growth. 


4. Serum-free cultures 


4.1 General comments 


The assay of murine myeloid progenitor cells is usually performed in soft gel 
media supplemented with either FCS or horse serum (EqS). The variation in 
plating efficiencies achieved with different batches of sera can be enormous, 
and it is necessary to test each batch prior to purchase of large quantities to 
maintain a consistent standard. This variation in batches of serum indicates 
that they contain varying levels of agents capable of modulating myeloid cell 
development. The development of a serum-free medium which supports 
colony formation overcomes the difficulties that the additions of unknown 
factors to colony-forming assays might cause, and negates the need to test 
these batches of serum. The use of serum-free media introduces a greater 
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degree of certainty into experimental procedures employed to determine the 
relative effects of cytokines on myeloid progenitor cell development (12, 13). 


4.2 Preparation of the reagents 


The so-called serum-free medium (8) is generally prepared by the addition 
of a number of constituents to IMDM. A fully detailed protocol of the 
method is described elsewhere (13). 


4.3 Preparation of serum-free medium 


The solutions described in Table 1 can be employed as substitutes for serum 
in the mixed colony-forming assay described above (Protocol 4). In these 
assays, serum-free medium constitutes 1 ml of the total volume of 3.3 ml. 

Further additions of other reagents such as haemin (final concentration 
200 pM) can be made by adjusting the volume of Iscove’s medium added to 
make the total volume of 1.0 ml. 


Table 1. Supplements for serum-free cultures 


Reagent Volume (ul) Final concentration 
BSA 330 10 mg/ml 

Soya bean lipids 42 25 pg/ml 
Cholesterol 33 7.8 ug/ml 
Linoleic-acid 33 5.6 pg/ml 
Sodium pyruvate 33 1 mM 
Glutamine 33 2 mM 
a-thioglycerol 33 100 pM 

Transferrin 33 300 pg/ml 

Iscove’s medium 430 


4.4 Comments 


Serum-free colony-forming assays must use highly purified natural or recom- 
binant growth factors as the crude conditioned medium preparations of 
haemopoietic growth factors that are often employed in such assays will often 
contain serum or other impurities. Dose-response relationships for growth 
factor-stimulated colony-formation are sometimes different from those seen 
in serum containing assays, which must be accounted for in experimental 
design. Although colony formation may take slightly longer in serum-free 
cultures, the maximal plating efficiency achieved is generally equal to, if not 
greater than that seen in serum-containing cultures. 


5. Growth factor-dependent cell-lines 


A number of haemopoietic growth factor-dependent cell-lines exist which can 
be employed to give an indication of the concentration and type of growth 


254 


15: Biological assays for haematopoietic growth factors 


Table 2. Examples of cell-lines dependent on 
haemopoietic growth factors for proliferation 


Cell-line Growth factor-dependence 
FDCP-1 IL-3, GM-CSF 

FDCP-2 IL-3 

32DCL23 IL-3, G-CSF 

BAC1.2F5 M-CSF, GM-CSF 

DA1 GM-CSF 

NFS-60 GM-CSF 

M1 G-CSF 

J774 M-CSF 


factor present in biological preparations (10). Some of those frequently used 
are listed in Table 2. Others are described in Chapter 2. It should, however, 
be noted that antibody-based assays are often available to give unequivocal 
identification of the growth factors present. 

To establish whether a specific growth factor is present in a solution, and 
determine its approximate concentration, proceed as follows: 


Protocol 5. Biological assay for growth factors 


Equipment and reagents 


e Cells in suspension e Trypan blue (Northumbria Biologicals) 

e Benchtop centrifuge with swing-out rotor e [H]thymidine (37 kBq) 

e Culture medium è GF/C filters (Whatman) 

e Fischer's medium (Gibco) e Millipore cell harvester or similar apparatus 
e Horse serum e Trichloroacetic acid (10% w/v) 

e CQ, incubator e Liquid scintillation counter 

Method 


1. Culture cells in suspension until they reach an exponential growth rate. 


2. Harvest by spinning at 800 g for 5 min on a bench centrifuge using a 
swing-out rotor. 


3. Resuspend the cell pellet in the appropriate medium, centrifuge again 
and resuspend a further two times. 


4. Resuspend cells at a concentration of 1-2 x 10°/ml in Fischer's 
medium (Gibco-plus glutamine) plus horse serum (10% v/v) and plate 
out in a total volume of 100 pl at trial concentrations of 1—2 x 10° cells/ 
ml with either dilutions of the preparation under test or dilutions of a 
standard preparation of the appropriate growth factor. The final con- 
centration of horse serum (or if the cells are normally cultured in it, 
fetal calf serum) should be 10—20% (v/v). Incubate the cells in a gassed 
CO, incubator at a temperature of 37°C. 
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Protocol 5. Continued 


5. After 24 or 48 h the effects of the growth factors on survival and 
proliferation can be assessed using the Trypan blue assay in which the 
cell suspension is mixed 1:1 with Trypan blue solution and those 
(viable) cells excluding dye counted. 


6. A second method for assessment of proliferation (DNA synthesis) in- 
volves the measurement of [*H]thymidine incorporation. After 24 or 48 
h [H]thymidine (37 kBq) is added to each well and the incubation 
continued for 4 h. The cells are then removed from the incubator and 
serially transferred to GF/C filters on a Millipore cell harvester or simi- 
lar apparatus. The cells are given three washes with trichloroacetic acid 
(10% w/v, 5 ml) and the TCA-precipitable material retained on the filter 
counted on a liquid scintillation counter. 


7. The relative growth promoting activities of the standard and the 
diluents of the preparation under test are compared to quantify the 
growth promoting activity in the sample. 





6. Enrichment of progenitor cell populations from 
murine bone-marrow 


6.1 General comments 


The progenitor cells exist in very small numbers, the pluripotent cells repre- 
senting about 0.4% of the total bone-marrow cells and the more restricted 
committed progenitors being perhaps 2-3% of the population. To study 
direct effects of growth factors on progenitor cells, therefore, it is desirable 
to enrich the concentration of the appropriate cells. Historically cells are 
separated on physical parameters— density and size—and these properties are 
incorporated into the modern techniques which employ electronic sorting of 
cells tagged with fluorescent molecules or a process of continuous flow centri- 
fugal elutriation. It is these two processes that will be outlined. Numbers of 
animals and/or cells used will be stated merely as a guide to convenient and 
practical handling of a sort. They may of necessity vary with specific practical 
requirements. 


6.2 Murine cells 
6.2.1 FACS sorting for in vivo multipotent and in vitro 

committed CFC 
The essence of this method is to label the appropriate cells with a fluorescent 
marker, to carry out a preliminary density selection, then to sort the cells 
using a flow cytometer on the basis of their size, cellular heterogeneity and 
fluorescence intensity. The fluorescent markers generally used are fluor- 
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esceinated wheat-germ agglutinin (WGA-FITC) which binds selectively 
mainly to multipotent and some committed progenitors and rhodamine-123 
(Rh-123) which is incorporated by the more mature elements of the WGA 
selected cells. Hence the more primitive (stem) progenitors are designated 
as WGA*, Rh-123 dull cells. 


Protocol 6. FACS sorting of murine bone-marrow cells 


Equipment and reagents 


Stock solutions of metrizamide (Nygaard, œ 
Oslo) 

High-density Solution A (pa ~ 1.10 g/ml) 
and low-density Solution B (pg ~ 1.06 g/ml) 

are made by dissolving 21 and 11g metriza- œ 
mide powder respectively in 42 and 64 ml 
Hank’s balanced salt solution, buffered with 
Hepes (pH = 6.7). In each case, 1 g BSA is 
added and the volumes made up to 100 ml 
with double-distilled water 


Fluoresceinated wheat-germ agglutinin 
(Polysciences Inc., Pennsylvania, USA). 
WGA-FITC. Store at —20°C in 15 yl aliquots 
(15 wg) aliquots 

Rhodamine-123— made up at 1 mg/ml in 
double distilled water. Use fresh 

PBS and FHS (Fischer's medium with added 
glutamine (0.7 ml, 200 mM per 100 ml 
Fischer's and horse serum at 10%) 
(NADG). 


e 0.2 M N-acetyl-p-glucosamine 
Store frozen 


Murine femora (see Protocol 1) 
Laminar flow hood 


Measurements and adjustments 
i. pH to 6.5 + 0.1 
ii. Osmolarity to 300 + 10 mOsm 


iii. Measure density (density meter or 15 ml tubes 
~ bottle) at 4°C to 3 decimal places 5 ml glass tubes 
iv. Sterilize by filtration through 0.45 um 
: Needles 
filtration units 
v. Store at —20°C in 10—20 ml aliquots Centrifuge 


Pipettes or syringes and needles 
FACS system 


Metrizamide for 1-step density cut. Mix 
solutions A and B to give a density of 1.080 
+ 0.001 g/ml, maintaining all solutions at 
4°C 


1.080 — PB 


x 10 
pa — 1.080 


To 10 ml B metrizamide x = 


add x ml A metrizamide 


Method 
All solutions and cell suspensions should be maintained at 4°C. 

1. Remove and clean femora from 20 mice. Operating under a laminar 
flow hood, flush the marrow into 7 ml of metrizamide B. (Yield = 4 x 
10® cells.) 

Add 15 pl WGA-FITC and mix thoroughly. 

Place 3 ml metrizamide (p = 1.080 g/ml) in a 15 ml tube. Holding the 
tube at 45°, carefully layer 1 ml of cell suspension (max ~ 5 x 10’ 
cells) on to the surface of the metrizamide by trickling it down the wall 
of the tube. Run six tubes in this way. 

Break the sharp partition between cells and metrizamide by stirring 
gently with a needle point. 

Centrifuge 15 min at 1000 g, 4°C. Use minimum braking force on the 
centrifuge to minimize gradient disturbance. 
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Protocol 6. Continued 


6. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


Collect the band of low density (p < 1.080 g/ml) cells from the inter- 
face using a pipette or syringe and needle. 


. Wash once in Fischer's medium, centrifuging for 10 min at 800 g, 4°C. 
. Resuspend the cell pellet in 4 ml PBS and count the cells. (Yield ~ 2 


x 10’ cells.) 


. Transfer to FACS. The detailed running of this instrument is beyond 


the scope of this chapter. It is recommended to have a tame operator 
available. 


Set the pre-sterilized FACS to record forward-angle light-scatter 
(FALS: proportional to cell size) and right angle light-scatter (RALS: 
proportional to heterogeneity of cellular contents). Run a few thousand 
cells through the instrument to establish their distribution as illus- 
trated in Figure 1a and 1b. Set FALS windows as shown to exclude 
small cells (channels 1—120, mainly lymphocytes and residual 
erythrocytes) and very large cells (channels 200—255). Set RALS win- 
dows to exclude cells with high scatter (channels 95-255, mainly 
maturer granulocytic cells and monocyte/macrophagic cells). 


Switch FACS to record fluorescence in the cells selected by step 10 
above. Figure 1c shows the distribution, together with a further win- 
dow set to detect cells showing the greatest affinity for WGA. 


Put 4 ml FHS in a 5 ml glass tube, wetting the inside of the tube to 
the top. (This is to prevent drying of the film of cells directed into the 
tube.) Place the tube below one of the deflection plates of the sorter, 
start flow (~ 3000 cells/sec) and collection of the cells in the window 
defined. 


On completion of the sort (~ 2—3 h, yielding ~ 10° cells), centrifuge 
the cells (10 min, 800 g, 4°C) and resuspend the pellet in 1 ml PBS. 


Resort the cells at 300 cells/sec using the same selection parameters. 
The final yield (~ 10° cells) can contain better than 90% in vivo CFC 
and are now ready for assay. WGA-FITC is not toxic to either the 
multipotent cells assayed by the spleen colony technique (21) or to 
committed progenitor cells assayed as in vitro colony-forming cells 
(see above). For use in growth-factor assays, however, its presence 
may complicate interpretation and it can be removed as follows. 


Centrifuge the collected cells and resuspend the pellet in 5 ml NADG. 
Incubate 15 min at 37°C. 


Centrifuge and resuspend as required for assays or further sorting. 
Note: For selection of the more primitive WGAt, Rh-123 dull pro- 
genitors, it is necessary at step 11 to open the collection window to 
receive all WGA positive cells. 
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Mix 0.1 ml Rh-123 solution with 1 ml cell suspension (at 10’ cells/ml). 
Incubate for 20 min at 37°C then centrifuge (10 min at 800 g). 
Resuspend the cell pellet in fresh medium and incubate for 15 min at 
S756. 

Wash twice by centrifugation in PBS and resuspend for further FACS 
analysis. 


On the FACS instrument, set the fluorescence window to exclude the 
Rh-123 positive cells and collect those with dull labelling only. 





Cells 


Cells 








120 200 255 0 95 255 


0-255 Channel no. 
FALS forward angle light-scatter 


RALS right angle light-scatter 


-:::::: Windows selected for collection 


40 140 255 


Fluorescence Intensity 


Figure 1. Diagrammatic presentation of FACS-sorted bone-marrow. Numbers represent 
channel numbers. 


For further reading on this technique, including extended sorting with 
rhodamine-123, see refs 9 and 21-26. It is also possible to use immunological 
markers, essential for work on human marrow, see Section 6.3, to select for 
early progenitors (27-29). 


6.2.2 Centrifugal elutriation for in vitro committed CFC 


The protocol outlined below is developed from that reported by Williams et 
al. (30) who obtained highly enriched populations of GM-CFC containing 
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little contamination with other committed progenitors (BFU-E, Mix-CFC, 
Meg-CFC). A preliminary density selection is followed by elutriation accord- 
ing to cell size. A Beckman centrifuge with the JE-6B elutriation rotor is 
used. The reagents and density separation methods are as described in the 
FACS Protocol 6 above. 


Protocol 7. Centrifugal elutriation 


Equipment and reagents 


Reagents and density separation system as Protocol 6 


e Mice (adult, & or 9) e Beckman centrifuge with a JE-6B elutriation 
e Cyclophosphamide dissolved in physiologi- rotor, chamber, and pumping system 

cal saline (200 mg/kg dose) e 70% ethanol 
Method 

1. Inject 20 mice i.p. with 200 mg/kg cyclophosphamide dissolved in 


physiological saline. 


. 4th day (e.g. Monday to Thursday) remove femora and suspend 


marrow in 10 ml Fischer’s medium with added glutamine. Centrifuge 
10 min, 900 g, 4°C. 


. Remove 9 ml of supernatant and resuspend the cell pellet in the 


remaining supernatant. 


. Add 1 ml of low density (B solution) metrizamide and mix. 


. Layer cells on two tubes of metrizamide at p = 1.080 g/ml at 4°C. (For 


density separation procedure see under FACS Protocol! 6, stages 3-8, 
above.) Collect low-density cells from the interface and wash once in 
Fischer's medium. Centrifuge 10 min, 800 g, 4°C. 


. Resuspend the cell pellet in 3 ml Fischer’s medium. (Starting with 20 


mice this should yield ~ 2 x 10’ cells.) Note: For the elutriation 
process from this stage, use FHS containing 5% EqS which should be 
at 4°C at the start of elutriation. The elutriation rotor, chamber and 
pumping system should be set up as described in the manual, sterilized 
with 70% ethyl alcohol and thoroughly washed with sterile Fischer's 
medium prior to starting stage 2. After use it should again be cleaned 
and both the rotor and chamber dismantled and dried. 


. Load the 3 ml of cells directly into the 50 ml loading chamber (see 


manual for elutriator operating procedure) and flush the cells into the 
elutriator rotor with FHS at a flow rate of 10 ml/min. Collect 10 ml 
effluent and switch flow of FHS to bypass the loading chamber. 


. Increase flow rate sequentially to 14, 16.5, 19.5 ml/min collecting 


100 ml for each fraction. (These fractions may be collected together 
and discarded.) 
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9. Collect further 100 ml fractions, sequentially increasing the flow rate 
to 22, 25.5, 29, 32 ml/min. These may again be collected cumulatively 
and together represent the GM-CFC-rich fraction. Together this should 
yield 2-6 x 10° cells with a 7—14 day colony plating efficiency in agar 
with IL-3, CSF-1, or GM-CSF of 20-50%. Note: collecting the fractions 
sequentially and pooling gives a cleaner sort than collecting all four 
together at the highest flow rate. 


10. Finally, maintaining the flow rate at 32 ml/min, switch off the centrifuge 
and collect cells sedimented in the chamber. If sorting for GM-CFC, 
these also may be discarded. 





6.2.3 Use of elutriator for in vivo CFC 


Multipotent progenitor cells may also be enriched using the elutriator (31). 
Animals must first be primed by thiamphenicol and bleeding after which the 
spleen becomes highly enriched in these progenitors. The elutriation pro- 
cedure is carried out as above, collecting fractions in the range of 12-16 ml/ 
min flow rates. Low-density cells (< 1.079 g/cm) subsequently separated from 
this fraction contain spleen CFC at 50-100% purity. This method is particu- 
larly useful for high cell-number yields, but the CFC obtained are less primitive 
than those obtained by FACS analysis. 


6.3 Human cells 

6.3.1 General comments 

Like the murine stem cells, human haemopoietic progenitor cells exist in very 
small numbers. The CD34 antigen is expressed on haemopoietic colony- 
forming and stem cells, but is absent on more mature blood cells. These 
CD34" progenitor cells occur at a frequency of 0.5-4% in bone-marrow, 
0.05—0.2% in steady-state peripheral blood and 0.1-2% in cord blood. A 
number of techniques have been developed to enrich or purify the CD34 
population utilizing either physical characteristics (centrifugal elutriation) or 
immunological characteristics (immunoadsorption). See Table 3. Perform- 
ance varies in terms of purity, yield and enrichment of CFC. FACS-sorting 
permits separation of any population or sub-population of cells by combining 
both physical and immunological parameters. As cells labelled with a fluor- 
escent marker pass through a laser beam, they are examined individually and 
can be characterized based on fluorescence intensity, size, cell density and 
nucleo-cytoplasmic ratio. Highly purified populations are obtained with this 
method. 


6.3.2 Immunoadsorption methods 


These methods are commonly used as an alternative to FACS sorting. Mono- 
nuclear cell (MNC) fractions are labelled with a CD34 antibody and the target 
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Table 3. Commercially availabie systems used for 
enrichment of CD34 cells 


1. Fluorescence activated cell sorting (FACS) 
2. Systems based on immunoadsorption 
(a) Panning (AIS) 
(b) Affinity column chromatography (CELLPro) 
(c) Adsorption on ferromagnetic beads 
(i) Large beads (DYNAL and BAXTER) 
(ii) Middle-size beads (IMMUNOTECH) 
(iii) Microbeads (MILTENYI) 








Table 4. CD 34* cell enrichment using different separation techniques 


Technique Total MNC Purity of CD34* Yield of CD34+ CFC enrichment 
recovery (%) separated (%) cells (%) (x fold) 

FACS 1.4 71.2 38.3 30 

(n = 23) 

CELLector 1.4 32.5 23.0 17 

(n= 11) 

DYNABEADS 0.6 28.4 4.9 14 

(n= 11) 

CELL-PRO 1.1 76.8 36.8 45 

(n = 5) 

MiniMACS 1.4 76.6 62.6 104 

(n = 12) 


n = number of experiments. 


cells then adsorbed to antibody coated beads, flasks or retained on columns. 
Unwanted cells are removed and target cells detached, collected and assessed 
for purity. Results obtained in our laboratory using five of these methods are 
shown in Table 4. 

Detailed comments on the methods of separation are beyond the scope of 
this chapter, but for further reading on the use of these systems see ref. 32. 


6.3.3. Comments on advantages and disadvantages of the 

systems 
These are all procedures relying on the CD34 monoclonal antibody-antigen 
interaction. Different CD34 monoclonal antibodies are used in the different 
methods. With each system it is important to follow the manufacturer’s direc- 
tions particularly concerning sample preparation. The preparation method 
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may vary if human umbilical cord blood or cells from leukapheresis harvests 
are used. 


(a) CELLector flasks (AIS uses clone ICH-3). Some progenitor cells are lost 
in the first stage of this process on the soyabean agglutinin flasks. 
However, the flasks are sterile tissue culture flasks and are easily manipu- 
lated. The capacity of the system is restricted to 2 X 10’ cells/T25 flask 
unless the large scale T150 flasks are used. In our hands MNC from cord 
blood do not perform well in this system. 


(b) Immunomagnetic CD34 conjugated beads (DYNAL uses clone 9C5). 
Again sterility can be maintained in this system but it does require some 
expertise to obtain good results. There are a number of problems with 
detaching the cells from the beads unless enzymic methods are used. Do 
not start with less than 5 x 10’ MNC. 


(c) Immunomagnetic beads (MILTENYI—Kit uses QBEND 10). Good 
capacity and up to 4 x 10° cells can be processed on the MiniMACS 
column. Care must be exercised when preparing the sample as the col- 
umn may become blocked if the sample contains large numbers of red 
cells or platelets. Aim for a good single-cell suspension. This system is 
easy to use, yields good enrichment of CFC with high purity of CD34* 
cells (after two cycles). Highly purified populations of CD34 cells can be 
obtained in one hour. 


(d) Immunoaffinity columns (CELLPro—Kit uses clone 12.8). Excellent 
capacity and up to 5 x 10° cells can be processed with each column. 
However, the performance of this system is reduced if cord blood cells 
are used, probably due to the large numbers of red cells even after density 
centrifugation. In addition, there may be problems associated with the 
biotinylated antibody which in our hands loses affinity for the target cells 
after storage at 4°C. 


Note which antibody is used in the separation procedure as the same one 
cannot be used in the analysis. This is of particular importance if enzymic 
methods have been used for detaching cells, as the antigen may be destroyed 
(see ref. 32). 


6.3.4 FACS sorting of CD34 positive cells 

Mononuclear cells are labelled with a CD34 antibody directly conjugated to 
a fluorochrome and the cells sorted by flow cytometry. Generally sorting 
speeds used are 4—5000 cells/sec. Nevertheless, if 5 x 10’ cells are to be 
sorted, this can take up to 4 h. To reduce the time taken to sort cells, any 
of the systems outlined above may be used as a pre-enrichment step. We 
routinely use the MiniMACS columns which yield enriched populations in 
one hour. 


263 


N. G. Testa et al. 





Protocol 8. Labelling cells for FACS sorting with CD34 antibody 


Equipment and reagents 


e IMDM/2% FCS (Iscove’s modified Dul- e Screw top 15 ml centrifuge tubes—conical 
becco’s medium plus 2% fetal calf serum) bottom 

e PBS/1% BSA e Avoid capping of the antibody on the cell 

e CD34 monoclonal antibody conjugated to surface by working quickly and maintaining 
FITC/PE (HPCA-2, Becton-Dickenson) all solutions at 4°C 


e 5 ml sterile tubes 


Method 


1. Cell suspensions are obtained from bone marrow or other sources 
using either Protocol 2 or 3. 

2. Decide total number of cells in the suspension to be labelled with the 
CD34 antibody. 

3. Suspend these cells in PBS/1% BSA at a concentration of 2 x 10° cells/ 
ml. 

4. Incubate cells with the antibody for 20 min at 4 to 12°C. (Quantity of 
antibody to be used is predetermined by titration.) See ref. 32. 


5. Wash cells once with 10—15 ml PBS/1% BSA and resuspend in IMDM/ 
2% FCS at a concentration not exceeding 5 x 10° cells/ml. 


6. Prepare two 5 ml tubes containing IMDM/2% FCS for collection of the 
sorted cells. 


7. Maintain on ice ready for cell sorting. 


6.3.5 Comments 


(a) A portion of the mononuclear cell suspension may be removed prior to 
labelling with the CD34 antibody and used as a negative control. If 
required these cells can be labelled with an isotype matched control 
antibody conjugated with the same fluorochrome. 


(b) If sub-populations are required, eg. CD34/38/33, it is possible to label 
with more than one antibody simultaneously, providing they are all 
directly conjugated to different fluorochromes. 


6.3.6 Analysis and sorting of CD34* cells on FACS 

The set-up for analysis of CD34* cells will vary according to the instrument 
used and it is essential to have the co-operation of a trained operator. A 
number of methods have been previously described for analysis and the 
reader is referred to ref. 32 for detailed discussion. 
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(a) Dot plot display of FSC 
vs. SSC of MNC gated blast 
region (R1). 


(b) Contour plot. Two colour 
fluorescence of gated region 
(R1). 


(c) Dot plot showing dual 
fluorescence of gated region 
(R1). 


Figure 2. FACS analysis of CD34 positive labelled cells. See Protocol 9. 
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The following procedure is used in our laboratory on the FACS Vantage: 





Protocol 9. Analysis of CD34* cells by FACS 


Equipment and reagents 


e CD34-FITC labelled cells e FITC- and PE-labelled Calibrite beads 
e FACS Vantage system (Becton-Dickinson) 
e Unlabelled 10 pm beads e Control samples labelled with isotype 


matched monoclonal antibodies 


Method 


1. Following instructions provided by the manufacturer, unlabelled 10 
micron Calibrite beads are used to optimize instrument settings and 
compensation parameters set using FITC and PE labelled beads. 


2. Cells are passed through the instrument and at least 20000 events 
collected and examined for correct distribution of the populations, i.e. 
Forward Scatter vs. Side Scatter (FSC vs. SSC), see Figure 2a. 


3. A ‘gate’ is set around blasts and small lymphocytes excluding granulo- 
cytes, monocytes and nucleated red cells and debris (Figure 2a). 


4. Control samples labelled with isotype matched monoclonal antibodies 
are then examined and adjusted so that all cells fall within the first 
decade (log scale FL1). Negative cells fall in lower left quadrant. Per- 
centages and other statistics are automatically recorded. 


5. CD34-FITC labelled cells are then passed through the machine and 
again 20000 events collected. 


6. Using the same ‘gate’ as for control samples, cells are examined for 
fluorescence and all cells outside the first decade considered to be 
positive (lower right and upper right quadrant). Again, percentages and 
other statistics are recorded (Figure 2b and c). 


By subtracting the values for the control sample from that of the CD34 
labelled samples, the percentage of CD34* cells can be measured. 

CD34 positive cells can be expressed either as a percentage of the lympho- 
cyte population or as a percentage of the mononuclear cells. If the latter 
figure is required, omit step 3 as there is no need to gate on the lymphocyte 
population. Values thus obtained for the ungated population correspond to 
the CD34" cells in the total mononuclear fraction. 

For extensive details on FACS sorting the reader is referred to ref. 33. 
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Assays for macrophage activation by 
cytokines 


ANTHONY DOYLE, MICHAEL STEIN, SATISH KESHAV, and 
SIAMON GORDON 


1. Introduction 


The circulating monocyte may undergo a wide spectrum of functional changes 
during further differentiation. In the absence of inflammatory stimuli mono- 
cytes enter the tissues constitutively to become resident macrophages (1). 
These cells are relatively quiescent with respect to secretory or microbicidal 
activity and may have as yet uncharacterized trophic functions. In contrast, 
inflammatory recruitment causes monocytes to rapidly induce their secretory 
activity. These cells produce a large variety of enzymes, growth factors and 
cytokines when appropriately triggered. Lymphokines produced at the site of 
inflammation regulate the fate of elicited macrophages determining whether 
they are further stimulated to a heightened state of activation with maximal 
host-defence function, e.g. by interferon-y (IFN-y) or whether their secretory 
and defence activity is held in check (e.g. by IL-4 and IL-10). 

Previously, macrophage activation has been defined in terms of an in- 
creased killing capacity for micro-organisms or tumour cells and respiratory 
burst activity has often been used as a measure of cytocidal activation. As 
our understanding of the repertoire and regulation of macrophage activity 
expands, the concepts of priming and activation have become highly complex. 
Nevertheless, by applying a small number of carefully selected assays it is 
possible to distinguish macrophages at a number of points on the activation 
spectrum (2). Our purpose here is to describe a panel of well-characterized 
assays that do not involve interactions between macrophages and a living 
target cell, but nevertheless readily discriminate between resident and elicited 
macrophages, and immunologically activated macrophages with enhanced 
microbicidal and tumouricidal potential. All the assays have been used in our 
laboratory on murine macrophage cultures and can be applied to human cells 
with the caveat that detection of NO is highly variable. 

In vitro culture of monocytes and macrophages modulates the activity of 
the cells even in the most defined and controlled culture systems. Therefore, 
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the assays described herein are best performed on freshly isolated primary 
cells, although in our experience the assays are also useful in comparing 
various longer term stimuli under the same culture conditions. Monocytes 
and macrophages adhere to tissue culture plastic, glass and bacterial plastic 
in the presence of 10% fetal calf serum (FCS). This makes isolation of almost 
pure monolayers a simple procedure when using elicited or resident cells 
where most other contaminating immune cell populations are non-adherent 
in the presence of FCS. 


2. Assay for respiratory burst activity 


Superoxide anion release assay measures the change in colour of cytochrome 
C when reduced by superoxide anion released from the stimulated macro- 


phage (3). 
Protocol 1. Superoxide anion release assay 


Equipment and reagents 


Reaction mixture: e RPMI 1640 + 10% FCS 
e Hank’s buffered saline solution (HBSS, e 24-well plates 
phenol-red-free) e Superoxide dismutase (Sigma type l) 


e 80 pM Ferricytochrome C (Sigma, type IV) e Phorbol myristic acid (PMA) 
e 2 mM Sodium azide (this is a cytochrome «œ Zymosan 
oxidase inhibitor and prevents re-oxidation . PBS 


of cytochrome C) e Centrifuge (Beckman G 5—6R) 
e Macrophages 
Method 


1. Plate macrophages at 1-5 x 10° well in RPMI 1640, 10% FCS in a 24- 
well tissue culture plate. This density ensures that oxygen anion re- 
lease is proportional to cell number. 


2. Set-up negative and positive controls: 
(a) a cell blank as a negative control 


(b) wells in which 30 pg/ml superoxide dismutase (Sigma type |) 
should be added as a negative control 


(c) elicited macrophages stimulated with a known trigger of respira- 
tory burst such as phorbol myristic acid (PMA) at 10—100 ng/ml or 
zymosan at 100 ug/ml 


3. Wash adherent macrophages once with PBS and preincubate with 
0.45 ml of the reaction mixture for 5 min at 37°C. 


4. Add 0.05 ml of HBSS and stimulant. 


5. After 60 min dilute a portion of the reaction mixture three-fold with 
cold HBSS. Remove cell debris by centrifugation at 200 g for 5 min. 
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6. The cytochrome C becomes a darker red in colour after reduction. 


7. Calculate superoxide release from the difference in absorbance at 550 
nm in the absence and presence of superoxide dismutase, using an 
extinction coefficient of 21.1/mM/cm (reduced minus oxidized). 


Comments: This assay is easy to perform and provides a relatively direct 
estimate of microbicidal and cytocidal potential. There are several other 
assays of respiratory burst activity that have been described elsewhere. 
These include H20, release (4) and chemiluminescence (5) assays for 
monolayers and nitrobluetetrazolium (NBT) reduction assay for single cell 


analysis (6). In assays where a cytokine or other modulatory compound 
being tested may also alter cell numbers or mass, it is best to determine 
total cell protein, e.g. Lowry or BCA method (Pierce) and express results 
per mg cell protein. 





3. Assay for secretion of nitric oxide 


Nitric oxide is an extremely reactive molecule which mediates cytotoxic 
effects on microbes and tumour cells (7). Because it is rapidly converted to 
NO," in the presence of oxygen, NO secretory activity of cells in culture can 
be estimated by determining NO, concentrations by the colorimetric Griess 
reaction. 


Protocol 2. NO, accumulation assay 


Equipment and reagents 


e 24-well plates e Griess reagent: within 12 h of use, mix 1% 
e Peritoneal macrophages (w/v) naphthylethylenediamine dihydro- 
e IFN-y chloride with an equal volume of 1% (w/v) 


: i . sulphanilamide in 5% (v/v) HPO; (all re- 
i aig (e.g. from E. coli 055:B5, Difco) agents from Sigma). Component solutions 
e N?-monomethylarginine (NMMA, Sigma) can be stored for up to 2 months at 4°C 


Method 

1. Plate macrophages in 24-well plate as per Protocol 1. Sensitivity of the 
assay is enhanced by culturing the cells in a relatively small volume of 
medium, e.g. 300—500 pl/well. 

2. Prime macrophages for NO burst by adding IFN-y (50—100 U/ml final 
concentration). Incubate at least 2 h. 

3. Add LPS (20 ng/ml) to trigger NO burst. Incubate 16 h. For each 
different cell type or stimulus it is necessary to include a negative 
control in which NO synthesis is inhibited by N°-monomethylarginine. 
This is added at a final concentration of 250 ug/ml at the same time as 
the LPS. 
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Protocol 2. Continued 


4. Remove supernatant from culture, mix with an equal volume of Griess 
reagent, incubate at room temp. for 10 min and read absorbance at 
550 nm. 


5. Based on an expected yield of 0—50 nmol NO,7/10° peritoneal macro- 
phages prepare an appropriate series of NO, standards diluted in 
culture medium, perform Griess reaction and construct a standard 
curve for calculation of NO, concentration in test samples. Express 
results as NMMA-inhibitable accumulation of NO,~/10°® cells (or per 
mg cell protein). 


Comments: This assay will reflect the cytocidal activation state of the 
cells. It can be modified to determine the effect of other compounds or 


cytokines on activation by pretreating the cells with these compounds. 





4. MHC class II expression 


Resident tissue macrophages not exposed to immunogen and specific T-cell 
cytokines express low levels of MHC class II(2). Expression is upregulated 
by T-cell derived cytokines such as IFN-y and IL-4 (8, 9). Flow cytometric 
analysis of fluorescently stained cells is the method of choice for comparison 
of class II expression in different cell populations (standardization of cell 
numbers is easily achieved). Immunocytochemical analysis for class II ex- 
pression has the additional advantage of single cell analysis. 


Protocol 3. Assay for MHC class Il expression 


Equipment and reagents 


Bacterial plastic Petri dishes Eppendorf tubes 
Macrophages Microcentrifuge 


PBS Anti-MHC class Il antibody or isotype- 
EDTA matched negative control antibody 


Narrow-bore pipette (e.g. 5 ml) Fluorochrome-conjugated secondary anti- 
PBA: PBS, 0.1% (w/v) BSA, 10 mM NaN, body) 


PBA containing 2% serum (from same Flow-cytometry system 


species as secondary antibody) 





Method 
1. Culture macrophages in bacterial plastic Petri dishes. 


2. De-adhere cells and harvest: wash monolayer 3 times with PBS to 
remove tissue culture medium, add PBS containing 5 mM EDTA, incu- 
bate at room temperature for 5 min, ensure cells have rounded up and 
flush cells from surface using a narrow bore pipette (e.g. 5 ml). 
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. Pellet cells, resuspend in PBA, and transfer to Eppendorf tube. Wash 
cells 3 times with PBA to remove EDTA. For each wash, pellet cells by 
centrifugation, 20 sec pulse at low speed (approximately 6500 r.p.m.) 
on microcentrifuge, aspirate supernatant, and resuspend. 


. Resuspend cells in anti-MHC class II antibody or isotype-matched nega- 
tive control antibody diluted in PBA containing 2% serum (from same 
Species as secondary antibody) to saturate Fc receptors. Approximately 
1 pg antibody in a 100 wl PBA per 10° cells is usually appropriate. 
Incubate on ice for 30—60 min. Gently mix cells occasionally. 


5. Wash cells 3 times in PBA to remove excess primary antibody. 


6. Resuspend pellet in fluorochrome-conjugated secondary antibody. In- 


cubate on ice for 30—60 min, protected from light to avoid quenching 
of fluorochrome. Shake occasionally. 


- Wash cells once to remove free secondary antibody, resuspend cells 
in PBA and analyse by flow cytometry. Relative antigen expression can 
be calculated: 


geometric mean (sample 1)-geo. mean (isotype control 1) vane 
geometric mean (sample 2)-geo. mean (isotype control 2) 


Comments: It is essential that antibodies are present at saturating concen- 
trations and reach equilibrium. In general, a concentration of 1 wg/10°® 
cells is optimal. The second antibody must be a F(ab’), since macro- 
phages have abundant Fc receptors. Cells can be fixed before immuno- 
staining by resuspending in a freshly made solution of 2% (v/v) 
paraformaldehyde/PBS (do not use glutaraldehyde as a fixation as this is 
autofluorescent). Incubate for 15 min on ice and wash away excess para- 
formaldehyde with PBS (3 times). Incubate cells in 10% FCS/PBS to block 
remaining fixation sites, and wash 3 times with PBS. The advantage of 
fixation is that cells can be analysed up to 24 h later. 


5. Macrophage mannosyl! receptor (MMR) assays 


MMR is a cell surface receptor that binds mannosylated or fucosylated pro- 
teins (10). MMR activity is downregulated on exposure to IFN-y. We have 
found the degradation assay described below to be a very reliable and repro- 


ducible assay to discriminate between resident or elicited macrophages (high 
MMR activity) and IFN-y activated cells dow MMR activity) (11). 


Mannosylated-BSA (23 mol mannose/mol BSA; EY Labs. San Mateo, 
CA, USA), a glycoconjugate of mannose-bovine serum albumin, serves as a 


good ligand for the MMR. It is trace-labelled with Na{'*°I] by a modified 
chloramine T method. 
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Protocol 4. Labelling of mannosylated BSA 


Equipment and reagents 


e Mannosylated BSA e Potassium iodide 

e Na['@5ljiodide (Amersham IMS 30, 100 mCi/ e 0.1 M sodium phosphate buffer, pH 7.6 
ml) e PD-10 column (Sephadex G-10, Pharmacia) 

e Chloramine T e OMEM + 5% FCS 

e Sodium metabisulfite e TCA (10% v/v) 


Method 
. Incubate 50 pl of mannosylated BSA at 2 mg/ml with 1 mCi Na['?°l] 
and 30 pl chloramine T at 10 mg/ml on ice for 10 min. 
. Add 436 pg sodium metabisulphite (190 pl) and 1.9 mg potassium 
iodide (190 pl) to terminate the reaction. 
. Suspend all reagents in 0.1 M sodium phosphate buffer pH 7.6. 
4. Pass the reaction products down a PD-10 column (Sephadex G-10; 
Pharmacia), pre-washed with 0.1 M phosphate buffer, pH 7.6. 
. Collect 300 pl aliquots, pool the first labelled peak and dilute in 5 ml 
of DMEM + 5% FCS. 


. Test the ligand for trichloroacetic acid (TCA) precipitability (10% v/v) 
and screen by uptake or degradation assay using macrophages which 
express MMR activity (resident peritoneal macrophages or elicited but 
not IFN-y-activated macrophages). 





Protocol 5. Binding and uptake of mannose-specific ligands 


These assays are less time consuming than the degradation assays (de- 
scribed below) but not as sensitive, with potentially higher backgrounds. 
Binding and uptake are assayed at saturating concentrations of ligand 
using trace labelled mannosylated BSA (120 ng/ml ligand/5 x 10° macro- 
phages) or B-2 glucuronidase (300 pg/ml/5 x 10° macrophages) in the 
presence or absence of mannan. Binding is assayed at 4°C, uptake at 
37°C. The reaction mixture contains FCS which does not inhibit mannose- 
specific binding. MMR-ligand binding is cation dependent. 


Equipment and reagents 


e Macrophages/monocytes [1251] mannosylated BSA (as prepared in 
e 24-well plates Protocol 4—3 x 10° cpm/pg, 1.7 Ci/pg) 


e PBS e Mannan (Sigma) 

e DMEM e 10 mM sodium azide 
e FBS e 1M NaOH 

e Hepes buffer, pH 7.0 e Gamma counter 
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Method 


1. Adhere macrophages/monocytes (5 x 10°) for at least 1 h in 24-well 
plates. 


2. Wash in PBS and incubate in 300 ul DMEM + 5% FBS, with Hepes 
buffer, pH 7.0 and 40 ng ['*°I]Jmannosylated BSA (3 x 10° c.p.m./yg), 
with or without 1.25~—2.5 mg/ml of mannan (Sigma). 


3. Incubate cells in duplicate for 60 min at 4°C or for 20-30 min at 37°C. 


4. Wash three times in ice-cold PBS with 10 mM sodium azide. Add 200 ul 
of 1 M NaOH to dissolve the cells, and measure cell-associated radio- 
activity in a gamma-counter. Express results as nanograms of manno- 
sylated BSA specifically bound or taken up per 5 x 10° macrophages 
plated or per mg cell protein. 


5. Degradation of ['°I]mannosylated BSA by macrophages can be 
measured by the appearance of TCA-soluble labelled material in the 
medium. Degradation of ['*°l]mannosylated BSA is detectable after 
~40 min incubation at 37°C and continues at a linear rate for several 
days if macrophages are maintained in the continuous presence of 
ligand. We have found overnight culture convenient. 


Protocol 6. ['*°l]Jmannosylated-BSA degradation assay 


Equipment and reagents 


e Adherent macrophage monolayers e 30% (v/v) H202 
e Sterile labelled ligand e 4M KI 

e 96- or 24-well plates e Chloroform 

e Culture medium + FCS e Vortex mixer 

e Mannan (Sigma) e Microcentrifuge 
e TCA e Gamma counter 
Method 


1. Add trace amounts of sterile ligand (approximately 10° c.p.m. in 10 wl) 
to monolayers of adherent macrophage populations (5 x 10°-1 x 10° 
macrophages/well) in 96- or 24-well plates, in culture media (0.2—1.0 
ml) with FCS, in the absence or presence of mannan (1-2 mg/ml). 


2. Include cell-free blanks, with and without mannan. 


3. Incubate for 16 h to 2 days and then remove an aliquot of medium. 
Determine the TCA-soluble radioactivity. 


4. If the supernatant following TCA precipitation is not clear or there is a 
high background, contaminating protein and/or free iodine can be 
removed by incubating a 0.25 ml aliquot of the supernatant with 10 wl 
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Protocol 6. Continued 


of 30% v/v H20- followed by excess potassium iodide (5 pl of 4 M KI). 
Leave the mixture to react for 10 min at room temp.. Thereafter, add 
0.7 ml chloroform (to extract protein), vortex the tube vigorously for 
20 sec, centrifuge (microcentrifuge, high speed, 5 min), and measure 
radioactivity in an aliquot of the clear aqueous phase in a gamma- 
counter. Cell-dependent, mannan-inhibitable degradation per unit time 
is calculated as a function of macrophage number or protein. 





5.1 Single cell assays 


Uptake of ['*°I]-mannose-BSA or ['*°I]-8-glucuronidase by macrophages can 
be detected at the single-cell level by autoradiography. To increase the cell- 
associated radioactivity a higher specific activity ligand should be used (5 X 
10° c.p.m./g) at saturation. Incubate coverslips with adherent macrophages 
as above for 20-30 min at 37°C, wash well and fix. Radioactivity associated 
with the coverslips can be determined directly before processing. 


5.1.1 Comments 


Optimal culture conditions are essential. pH variations in crowded cultures 
may perturb MMR activity. In prolonged degradation assays, cell viability 
should be monitored by phase-contrast microscopy. B-glucuronidase is a 
more stable ligand than mannosylated BSA. 

Kinetic parameters of specific binding and uptake of ligand can be deter- 
mined. The degradation assay is not saturable, but is sensitive and linear for 
prolonged periods of incubation. Specificity is established by using unlabelled 
competitive inhibitors of MMR binding such as mannan or unlabelled ligand. 
Cell-free blanks are essential and provide a measure of background activity 
in binding, uptake and degradation assays. 

Theoretically, biotinylated ligand may be substituted for iodine label in 
single cell analyses. A streptavidin immunocytochemical detection system is 
then used instead of autoradiography. 


6. Macrophage cytokine assays 


Following exposure to bacterial products such as LPS, macrophages are a 
major source of cytokines including IL-1, IL-6, and TNF-a. Secreted cytokine 
levels reflect the state of macrophage activation, e.g. resident peritoneal 
macrophages produce about 100-fold less TNF-a following LPS challenge 
than do macrophages primed by lymphokines (e.g. IFN-y) and phagocytic 
stimuli such as uptake of the yeast cell wall product zymosan (12). Quantitation 
of protein is usually more amenable than measurement of mRNA. Secreted 
protein can be measured by bioassay or more directly by ELISA (see Chap- 
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Table 1. Activation profiles of resident, elicited, and activated macrophage 


populations 
Macrophage population: 
Resident Elicited IFN-y activated 
Respiratory burst low low/high °? high 
NO burst low low high 
MHC class Il low low high 
MMR high high low 
TNF-a secretion low high high 


a Thioglycollate broth elicited peritoneal MØ can produce high levels of superoxide 
anion, but low H202 is detected, possibly as a result of scavengers in the cells. 


ters 22 and 23). Many ELISA kits or pairs of monoclonal antibodies suitable 
for ELISA are now commercially available (e.g. Genzyme, Pharmingen). 


7. Conclusions 


The markers described here provide a basis for correlation of activation state 
with functional phenotype of macrophages recovered from experimental 
animals. From Table 1 it is evident that activated macrophages, which express 
high levels of MHC class II and produce large amounts of reactive oxygen 
and nitrogen intermediates and cytokines, are the opposite extreme in the 
activation spectrum to resident macrophages with their low secretory capacity, 
low MHC class II and high MMR expression. Elicited populations are best 
distinguished by high MMR-expression and significant cytokine secretion. It 
is important to emphasize that the macrophage population exposed to cyto- 
kines produced by antigen-responsive lymphocytes at the site of an immune 
response will not necessarily become activated. In contrast to IFN-y, the 
cytokines IL-10, IL-4, and IL-13 are known to down-grade or temper macro- 
phage activation, such that if these are the dominant cytokines produced at 
the site, macrophages are likely to be maintained in a non-activated state 
(high MMR, reduced pro-inflammatory cytokine secretory ability) (13). In- 
deed, IL-4 has been shown to greatly enhance MMR activity in contrast to 
IFN-y (14). Further studies concentrating on in vivo events, the cytokine 
network and control of gene expression will hopefully enhance our under- 
standing and characterization of macrophage activation. 
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cytolytic, and cytostatic activity of 
cytokines 
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1. Introduction 


Most cytokines have proliferative, cytostatic, and/or cytolytic activity which 
is often dependent on the context in which they are acting. IFN-a, B, and y, 
TNF, Lymphotoxin, IL-1, IL-4, have all been shown to have proliferative, 
cytostatic and cytolytic activity depending on the environment (1). Synergistic 
interactions between cytokines, can often produce powerful antiproliferative 
effects (2). There is some experimental evidence to suggest that growth 
inhibitory cytokines such as IFN-a may act in vivo as autocrine or paracrine 
growth inhibitors (3). Some of the methods used to assess the above par- 
ameters will be described in the following chapter. 


2. Effects of cytokines on cell growth in vitro 


The protocols described in this chapter all require basic tissue culture experi- 
ence and sterile technique. It is recommended that cell lines are grown under 
pyrogen-free conditions when studying effects of cytokines. For this sterile 
plastic pipettes and tubes should be used and glassware Pasteur pipettes triple- 
baked. Fetal calf serum should be chosen for its minimal endotoxin content. 


2.1 Direct cell counting 


Direct cell counting is valuable for assessing cell viability and doubling time. 
However to assess whether a cytokine induces proliferation or is cytostatic 
or cytotoxic at specific stages during the cell cycle, more extensive analysis is 
required. 

Two methods will be described for direct cell counting. The simplest 
method is to count a suspension of cells on a haemocytometer. This is very 
time-consuming especially when comparing the effects of different concentra- 
tions and/or combinations of cytokines. A more accurate method involves 
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the use of a Coulter counter. The disadvantage of this method is that it does 
not distinguish viable cells from dead cells. This is not so important for cells 
growing in monolayers, since dead cells become detached and float off, thus 
being removed by the washing procedure prior to trypsinization. 


2.1.1 Direct cell counting using an improved Neubauer 
haemocytometer 


This procedure is described in Protocol 1. 





Protocol 1. Direct cell counting using an improved Neubauer 
haemocytometer 


Equipment and reagents 


e Neubauer haemocytometer with coverslip e Phase-contrast microsope 
e Pasteur pipette 


Method 


1. Wash haemocytometer in detergent and water followed by an alcohol 
rinse. 


2. Moisten edge and position coverslip until Newtons rings are obtained. 
Touch side of coverslip to check that Newton’s rings do not move. 
Using a Pasteur pipette add one drop of cell suspension under the 
coverslip to fill the haemocytometer. Be careful not to flood the area, 
the channels should not be filled. 


3. The central 25 squares of the grid form a 1 mm? area. Count all the 
cells in this area under phase contrast. Viable cells will appear bright 
and refractive whilst dead cells will appear dull. Alternatively, five 
squares can be counted and the result multiplied by five. Count at least 
100 cells to ensure accuracy. 


4. Calculate the cell count/ml using the following equation: 
Cell count/ml = number in central 1 mm? area x 10* x dilution factor. 


2.1.2 Direct cell counting using a Coulter counter 


This method makes use of an electronic means of cell counting. An electric 
current is passed through an 100 um aperture in a probe which is subsequently 
placed into a single-cell suspension using isoton as a buffering solution. The 
cells are drawn through the probe by a mercury manometer controlled pump 
which alters resistance to the current flow and produces a series of pulses 
which are counted and displayed on a digital readout. The change in resist- 
ance produced is thus proportional to the volume of the cell passing through 
the probe. Using the manufacturer’s instructions a threshold is set so that 
background counts from cell debris is excluded. 
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Figure 1. The growth inhibitory effect of turnour necrosis factor on the MCF-7 breast 
cancer cell line, 


This procedure is routinely used in our laboratory where 6-well plates 
(3.5 x 1.0 cm) are used, cach with 10° cells per plate. All parameters are 
assayed in triplicate and counts are made at various time points to obtain a 
cell growth curve as shown in Figure I. 





Protocol 2. Direct cell counting using a Coulter counter 


Eguipment and reagents 


1 7 10° units 
0.1 


Penicillin 
Streptomycin 
Adjust pH to 7.7 with 1 M HCI 


e Accuvettes (Coulter electronics Ltd.) 
e Coulter counter (Coulter electronics Ltd.) 
e Igoton 


Syringe fitted vith 19-gauge needle 
(a) Trypsin 0.25% in Tris galine pH 7.7— 
filtered sterilized and stored at —20°C. For 


e Versene in PES pH 7.2 (autoclave and store 


at 4°C). For one litre 
Diarninosthane tetraacetic acid disodium 


ee al galt (EDTA) 0.24 

Trypsin 2.59 bri š 3 

NaCl ce S T3 
na P Ha,HP 1.15 

KCI (19% solution w/v in distilled oh i 0 z ; 

+ 4 at. 

es oo Phenol red (1% golution w/v in 

Sar al 1e distilled water) 1.5 ral 

T at Sel 4 4 o Use 1:4 trypsin : versene 

Phenol red (1% solution w/v in 

distilled water) 1,5 rn 


Method 


1. Trypsinize cells if adherent. Wash the wells with trypsin/versene. Use 
a 0.5 mi solution to disperse the cells and stop the action of trypsin/ 
versene with 1.5 ml of isoton/2% fetal calf serum. If cells grow in 
suspension, spin down and resuspend in 2 mi of isoton/2% foetal calf 


serum. 
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Protocol 2. Continued 


2. Obtain a single-cell suspension by dispersing the cells with a 19-gauge 
needle and wash the dish with up to 8 ml of isoton. Transfer the final 
volume which will be 10 ml into an accuvette. 


3. Allow the Coulter counter to warm up and prepare for use following 
manufacturer's instructions. 


4. Count the contents of each accuvette and multiply by 20.° 


a This can accurately measure up to 10000 cells. The accuracy will decrease if the total number 
exceeds this as a result of coincident passage of cells through the probe aperture. In these 


Cases a conversion chart provided by the manufacturers must be referred to. The mean of the 
triplicates should be calculated and growth curves plotted. 





3. Determination of effects on growth of cytokines 
using indirect methods 


Two protocols will be outlined. One method uses a fluorogenic assay, whilst 
the other is a kit adaptation of the conventional MTT assay as also described 
in Chapter 21, Protocol 6. 


3.1 The alkaline phosphatase assay 


Protocol 3 is based on a fluorogenic enzyme assay which measures alkaline 
phosphatase activity, a membrane bound enzyme present in most human cell 
types. This enzyme is found in three main forms; in the placenta, in the 
intestine and liver, and in the bone or kidney. The conditions of the assay 
allow the non-fluorogenic substrate 4-methylumbelliferyl phosphate to react 
with all forms of the enzyme to produce free phosphate and the fluorogenic 
compound 4-methyl umbelliferylerone. The fluorescence is then measured on 
a multiscan plate reader where the total enzyme activity given is directly 
proportional to the the cell number. The activity of alkaline phosphatase 
increases proportionately with cell number and is not affected by time in 
culture. 

This assay has been reported to accurately assess as few as 10* cells. The 
cells are plated in 96-well plates in the range of 10* to 10° per well. Cells are 
grown as monolayers and analysed at defined time points. 


Protocol 3. Alkaline phosphatase assay 


Equipment and reagents 


e Dynatech Fluor Tm reader (Dynatech pro- e Phosphate buffered saline (PBS) 
ducts) e 37°C humidified 7% CO, incubator 
e Assay solution (0.2 M Boric acid, 1 mM Mg 
CI2, 1.2 mM 4-methyl umbelliferyl phosphate) 
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Method 


1. Wash the cells twice in PBS to remove any dead cells. 


2. Add 200 ul of freshly prepared assay solution to each well. 
3. Incubate at 37°C for 3 h. 


4. Measure the relative fluorescence using a Dynatech Fluor Tm reader 
(Dynatech products). 





3.2 The MTT-type assay 


The conventional MTT assay has been described elsewhere (Chapter 21, 
Protocol 6). We have used a Promega kit which is a modified version of the 
conventional MTT assay. The data from the Promega cell titre °°>TM non- 
radioactive cell proliferation/cytotoxicity assay is analysed at 570 nm on a 
standard plate reader. An example of this assay is shown in Figure 2. 


4. Measurement of cell lysis 


We have used two methods for cell lysis in our laboratory. An easy and 
convenient method uses crystal violet. This is routinely used to measure TNF 
levels. More recently we have made use of a Promega kit which is based on 
the release of the lactate dehydrogenase enzyme from cells. 


4.1 Measurement of cell lysis using crystal violet 


The cytotoxic effect of cytokines can be simply measured using a microtitre 
plate and staining the viable cells using crystal violet. This procedure can be 
used in various biological assays which are available to look for the presence 
of cytokines in serum and in cell lines. The WEHI 164 cell line assay described 
here can be used for the measurement of TNF and LT. In this case the 
neutralizing antibody is added to the TNF or LT and incubated at room 
temperature for two hours prior to adding to the cells. The WEHI assay using 
cell lysis and crystal violet is outlined in Protocol 4. 





Protocol 4. WEHI assay for TNF production 


Equipment and reagents 


e Dynatech Fluor Tm reader (Dynatech prod- e FCS 


ucts) e 37°C humidified 7% CO- incubator 
e Methanol e TNF stock solution 
e Aqueous crystal violet (1%) e Paper towels 
e 96-well Costar plate e Multiscan plate reader 
e RPMI 1640 
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Protocol 4. Continued 


Method 


1. To a 96-well Costar plate add 5 x 10% cells/100 pl RPMI 10% FCS/ 
well. Leave 2—3 h in a 37°C incubator as described earlier. 


2. Dilute TNF stock solution in RPMI only (no FCS), using ten-fold dilu- 
tions so that the final concentrations are from 100 ng/ml to 1 pg/ml 
or lower if required. ? 


. Add 100 pl of the above to the plate in duplicate. 

. Add 100 pl RPMI to 4 control wells. 

Add test samples at a 1:5 dilution to duplicate wells. 

. Transfer plate to 37°C incubator and leave for 18—24 h. 


NO f WwW 


. Flick out medium and fix the cells by filling the wells with methanol 
for 30 sec. 


8. Remove the methanol, add 100 pl of 1% aqueous crystal violet to 
each well and leave for 5—20 min. 


9. Flick out the stain and wash with distilled water. Invert plate over a 
paper towel for a few minutes to allow to dry. 


10. Measure the optical density 620 nm on multiscan plate reader, follow- 
ing the manufacturer's instructions. 


2 Remember the final concentration will be half that put in. 


4.2 Measurement of cell lysis using the lactate 
dehydrogenase assay 


We have also investigated another technique for measuring the cytotoxic 
action of cytokines and cytokine combinations. This is based on the release 
of lactate dehydrogenase (LDH) from dying cells. LDH is a stable cytosolic 
enzyme and is released from lysed cells in a similar way to >'Cr release from 
pre-labelled target cells (4). An LDH kit (CytoTox 96™) is available from 
Promega and has been useful for assaying cytotoxic lymphocyte killing non- 
isotopically (see Chapter 12). Our experience using this assay on the 
OVCAR-3 ovarian cancer cell-line is detailed below: 


(a) The spontaneous release is approx. 10% and does not change through the 
culture period. The majority of ‘spontaneous’ LDH-release occurs during 
the first 24 h after plating-out. 


(b) At 4-7 days culture we can detect significant and specific release (up to 
97% of total release) with high-dose cytokine combinations. 


(c) Cytostasis can also be measured because the total release value obtained 
on lysis of all cells with detergent falls, as compared to control wells. 
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Figure 2. Four day MTT-type assay of ovarian cancer cell lines SKOV-3 and OVCAR-3 
treated with (a) 100—5000 U/ml IFN-y, (b) 10—200 ng/ml TNF, and (c) A combination of 
TNF and IFN-y. 





(d) Linear assay results were only obtained between 2 x 10* and 5 x 107 
cells/well. 


However, time-lapse cinematography studies on the same cell line revealed 
that cytokine induced cell death was apoptotic in nature and that the contents 
of many dying cells, particularly in the first few days of culture, were rapidly 
ingested by the surrounding viable cells. Hence, in spite of quite extensive 
cell death, little LDH was released into the tissue culture medium during the 
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first few days of culture. We conclude that LDH-release is a simple and non- 
invasive method of investigating cell lysis, but results should be interpreted 
with caution when apoptotic cell death is occurring. Release will only be 
detected when a significant proportion of the cell population is dead or dying. 


5. Cell cycle studies 


As described in Section 2, cell counting provides simple growth curves which 
can be used to assess cell viability and doubling time. However, the effect of 
a cytokine on specific stages during the cell cycle must be studied by more 
complex techniques. 

De novo synthesis of DNA can be quantified by measuring the incorpora- 
tion of tritiated thymidine (present in the culture medium) during S phase. 
Incorporated label is subsequently detected by autoradiography or liquid 
scintillation counting. Incubating cells with the cytokine for a range of times 
followed by pulsing with tritiated thymidine provides information on the 
effect of the cytokine on early phases of the cell cycle to the S phase. It is 
not, however, an indication of quiescence. Another way to examine increases 
or decreases in DNA synthesis in a cell population is to use cytofluorimetry 
staining the nuclei with dyes such as propidium iodide. These protocols are 
outlined below. Quiescent cells can be obtained from fibroblasts and primary 
cultures. Fibroblasts, for example Swiss 3T3 cells, are plated and incubated 
for a further 4—7 days before use in the assay described in Protocol 6. At this 
time the cells are arrested in G, as judged by cytofluorometric analysis and 
by the fact that less than 1% of the cells are autoradiographically labelled 
after a 40 h exposure to [ H]thymidine (see Protocol 5). 


5.1 Measurement of [*H]thymidine incorporation into 
acid-insoluble material 


This section refers particularly to the effects of murine cytokines or cross- 
species reactive cytokines on murine fibroblast cell lines. Other medium and 
conditions will be required for different cell lines. The incorporation of 
[H]thymidine into acid-insoluble material has been widely used as a con- 
venient method of assessing the stimulatory and inhibitory effects on the 
growth of many different cells. However, this technique not only assesses 
effects on DNA synthesis, but can also reflect alterations in the transport of 
thymidine across the plasma membrane, and in the phosphorylation of this 
nucleoside by thymidine kinase which occurs before it can be incorporated 
into DNA. In some systems, agents previously thought to have antiprolifera- 
tive activity have subsequently been shown merely to inhibit thymidine trans- 
port. An easy way to circumvent any effects on thymidine transport is to vary 
the concentration of thymidine used in the experiment (e.g. from 1 mM to 
10 mM). If the apparent inhibition of DNA synthesis is entirely due to a 
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decrease in thymidine transport, then the effect should be overcome by 
increasing the concentration of this nucleoside, because at high concentra- 
tions, the nucleoside permeates the cell membrane by simple diffusion rather 
by carrier-mediated transport. Thus, this technique provides a convenient 
measurement of changes in DNA synthesis, provided that appropriate con- 
trols are included. The assay described in Protocol 5 is carried out on Swiss 
3T3 cell in the absence of serum in DME medium supplemented with 
Waymouth’s medium which contains additional amino acids and vitamins 
present in serum but lacking in DME (5). The protocol should be adapted 


17: Measurement of proliferative activity 


for other cells as appropriate. 


Protocol 5. Measurement of [*H]thymidine incorporation into 


acid-insoluble material 


Equipment and reagents 


e Swess 3T3 cells è 
e Scintillation counter e 
e DME medium e 2% Na2C03 
e Waymouth’s medium (MB 752/1 powdered œ 

formula plus 1.6 mM FeS04) z 


5% trichloroacetic acid (TCA) 
0.1 M NaOH 


1% sodium dodecyl sulphate (SDS) 
Picoflor 


e [H]thymidine (1 pCi/ml, 14M) 
e Phosphate-buffered saline (0.15 M NaCl 


in 0.1 M potassium phosphate buffer, 
pH 7.4) 


Method 


1. 


Wash confluent and quiescent cultures of Swiss 3T3 twice with DME 
medium at 37°C to remove residual serum. 


. Incubate cultures in 2 ml DME/Waymouth’s medium (1:1) containing 


[H]thymidine (1 mCi/ml; 1 mM). 


. After 40 h at 37°C wash cultures twice with ice-cold phosphate-buffered 


saline (0.15 M NaCl in 0.1 M potassium phosphate buffer, pH 7.4) and 
remove acid-soluble radioactivity by a2 min treatment with 5% trichloro- 
acetic acid (TCA) at 4°C. 


. Wash cultures twice with ethanol and solubilize cells by a 30 min 


incubation in 1 ml of 0.1 M NaOH containing 2% NaCO} with 1% 
sodium dodecyl sulphate (SDS). 


. Determine the radioactivity incorporated into acid-insoluble material 


by liquid scintillation counting in Picoflor. 


. After 40 h, [SH]thymidine incorporation reaches saturation and thus 


ensures that the maximum response of the cell population is being 
determined rather than variations in the rate of DNA synthesis. 


287 


Frances Burke et al. 


Protocol 5. Continued 


7. In contrast, to determine the rate of DNA synthesis the cultures should 
be pulse-labelled with [H]thymidine (e.g. 5—15 min) but it should be 
borne in mind that this measurement is meaningful only if the specific 
radioactivity of the precursor pool is taken into consideration. (This is 
outside the scope of this section.) 





5.2 Autoradiography of labelled nuclei 


To substantiate further that neither the transport nor the phosphorylation of 
thymidine is affected by a cytokine, the proportion of cells actually synthesiz- 
ing DNA can be measured by autoradiographic techniques. This method is 
much less sensitive to changes in the specific radioactivity of the precursor 
pool. Furthermore, it is possible to stimulate DNA synthesis in quiescent 
mouse fibroblasts by the addition of growth factors without completion of the 
cell cycle, i.e. arrest occurs after completion of S phase when highly radio- 
active [H]thymidine is present (1 mM, 1 mCi/ml7'). Mitotic cells do not 
accumulate under these conditions because of radiation damage due to incor- 
poration of [*H]thymidine into DNA. The cells progress to Gz, remain 
arrested there due to radiation effects, and very few cells detach. Thus, with 
highly radioactive [*H]thymidine generally used in our protocols (1 mM, 
1 mCi/m1~'), most cells never reach mitosis and they remain firmly attached 
to the dish after one round of DNA replication. To determine the length of 
the G, period and the rate at which the cell population starts DNA synthesis 
(rate of entry into S phase) the percentage of labelled nuclei should be 
determined after various times of growth factor stimulation in the continuous 
presence of the labelled precursor. Protocol 6 describes the autoradiography 
of labelled nuclei quiescent cultures of 3T3 cells. The protocol should be 
adapted for other cell lines. 


Protocol 6. Autoradiography of labelled nuclei 


Equipment and reagents 


e Swiss 3T3 cells Chrome alum solution: 5 g gelatin heated 
e Scintillation counter in 40 ml glass distilled water to dissolve; 0.5g 


e Waymouth’s medium (MB 752/1 powdered chrome alum ts dissolved separately in 400 


formula plus 1.6 mM FeSO,) ml of water. Mix solutions when cool, and 


make up to 1 litre 

Kodak AR10 stripping film 

Kodak D19 developer 

Hypam fixer (Ilford, Basildon, Essex, UK) 
Giemsa stain 


e (PH]thymidine (5 pCi/ml, 1 pM) 
e Isotonic saline 

e 5% TCA 

e Ethanol 


Method 


1. Wash confluent and quiescent cultures of 3T3 cells and incubate as 
described in Protocol 6 except that [*H]thymidine is added to a concen- 
tration of 1 mM and 5 mCi/ml. 
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Protocol 6. Continued 


2. After a 40 h incubation, wash cultures twice with isotonic saline, extract 
with 5% TCA twice for 5 min, wash three times with ethanol, and dry. 


3. Coat dishes with chrome alum and leave to dry. 


4. Lay Kodak AR10 stripping film on dishes and store them in the dark for 
1—3 weeks. 


. Develop film with Kodak D19 developer (4 min) and fix for 5 min with 
Hypam fixer (Ilford) diluted 1:4. 


. Stain cells with Giemsa stain. 





Following this protocol, the nuclei engaged in DNA synthesis become 
intensively labelled. A typical result is shown in Figure 3. Labelled and 
unlabelled cells of several microscopic fields are counted and the results 
expressed as follows: 


No. of labelled cells x 100 


% labelled nuclei x Total No. of cells 
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Figure 3 Typical microscopic field showing quiescent (a) or serum-stimulated cells (b), 
labelled with [SH]-thymidine and processed according to Protocol 6. 
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5.3 Cytofluorimetry 


To confirm that the [*H]thymidine incorporation method is an accurate reflec- 
tion of the state of DNA synthesis an independent technique, such as cyto- 
fluorimetry can be used, which interrupts the progression of the cells through 
the cell cycle in mitosis. In this manner, the proportion of cells that move 
from G; to M after treatment can be precisely assessed. Although colchicine 
does stimulate the incorporation of [*H]thymidine into DNA in 3T3 cells, it 
has been shown that its mitogenic activity is lost if it is added to the cells once 
S phase has been initiated, i.e. 20 h after stimulation with other factors (6). 
By adding colchicine, which blocks the cells in mitosis but does not potentiate 
the stimulate of DNA synthesis if added 20 h after the factors, the effect of 
growth factors and cytokines on the movement of the cells through the cycle 
from G; through S phase and into G, can be readily assessed. 


Protocol 7. Cytofluorimetry 


Equipment and reagents 


Fluorescence activated cell sorter (Becton e Quiescent Swiss 3T3 cells 
Dickinson FACS-1) e Trypsin (see Protocol 2) 

Colchicine, 1 mM e Syringe fitted with 27-gauge needle 
Lysis buffer (0.5% Triton X-100,4mMMgClo, e Ribonuclease A 

0.6 M sucrose, 10 mM Tris-HCI, pH 7.5) e Centrifuge 


Nuclei buffer (0.25 M sucrose, 5 mM MgClo, Cold Hates : 
and 20 mM Tris-HCI, pH 7.4) coo ate-buffered saline (see 


Propidium iodide (0.05 mg/ml in 0.1% triso- 
dium citrate) 


Method 


1. Treat cultures of quiescent cells with various agents as indicated and 
incubate for 40 h. 


. In order to ensure that cells which were stimulated to synthesize DNA 
are arrested in G2, add the microtubule disrupting agent, colchicine at 
1 mM, after 20 h of incubation. Colchicine has no mitogenic effect when 
added so late after the commencement of the experiment. 

. After the 40 h incubation, trypsinize cells from the monolayer, wash, 
pass through a 27-gauge needle to ensure a single-cell suspension, and 
incubate in lysis buffer for 3 min at room temp. 


. Incubate nuclei at 37°C for 30 min in nuclei buffer containing 0.5 mg/ - 
ml ribonuclease A. 


. Stain with propidium iodide for 20 min. 

. Spin down stained nuclei at 2000 r.p.m. at 4°C, resuspend in cold 
phosphate-buffered saline, and measure DNA content immediately on 
a fluorescence activated cell sorter at 488 nm excitation. 
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5.4 Measurement of bromodeoxyuridine incorporation 
to assess cell cycle changes in vivo 


A useful method to assess cell proliferation in vivo in experimental animals 
involves labelling cells with bromodeoxyuridine (BrDu), a thymidine analogue 
which is incorporated into DNA during the S phase of the cell cycle. Sub- 
sequently, immunohistochemistry can be performed on excised tissue to de- 
tect the BrDu. Both growth inhibitory and stimulatory cytokines can be 
investigated. We have used this method to look at the effects of IFN-y on 
the growth of solid tumours in nude mice (Burke et al., in preparation). This 
is outlined in Protocol 8. The DNA needs to be denatured so the BrDu can 
be exposed to the specific antibody. This denaturation which is usually with 
acid can result in poor morphology of the tissues. The incubation period for 
the denaturation procedure is critical. There are many routine methods for 
immunohistochemistry. The method outlined below is used routinely in our 
laboratory and was originally obtained from Mount Vernon Hospital, North- 
wood, Middlesex. 


Protocol 8. /n vivo labelling of tumours/tissues with 
bromodeoxyuridine and subsequent 
immunohistochemistry 


Equipment and reagents 


Bromodeoxyuridine made up in saline im- e TBS, pH 7.6 (0.05 M Tris-HCI, pH 7.6, 0.15 
mediately before use. M NaCl) 


e Anti-BrDu (Sigma) e 1% human AB serum diluted in TBS 
e Reagents for immunohistochemistry are e Dako biotinylated rabbit-anti-mouse 
widely available. Our reagents were e ABC complex (Dako) 
obtained from DAKO e DAB solution (CAUTION: DAB is a sus- 
e Mice with solid tumours pected carcinogen and may cause severe 
e Formol saline eye and skin irritation). DAB is available in 
e Poly-t-lysine coated slides tablet form. Weighing out the powder is not 
e CNP 30 recommended. Wear gloves and make up 
in a fume hood. DAB is light sensitive 
e Alcohols: 100%, 95%, 50% AE E eee nian 
~ inet Protocol 2) e Mayer’s haematoxylin 
2 we eau e 1% HCl/alcohol 
£ e DPX mountant 
Method 


1. Inject 50 mg/kg of BrDu in 0.1 ml into mice. Leave 45—60 min. 

2. Sacrifice mice and remove tumour in formol saline. 

3. Cut sections on to poly-t-lysine coated slides. Then treat slides as 
follows: 

4. CNP 30 for 10 min. 

95% alcohol for 2 min. 

6. 50% alcohol for 2 min. 


on 
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Protocol 8. Continued 


T: 
8. 


30. 
31. 


Tap-water for 2 min. 


Block endogenous peroxidase with 0.1% hydrogen peroxide in 
methanol at room temp. 


. Wash in tap-water. 
. Wash in distilled water at 37°C. 


. Transfer to freshly prepared trypsin which has been preheated to 


37°C (pH 7.8). 


. Rinse with cold water for 5 min. 


. Denature the DNA by immersing slides in 10% solution of 1 M HCI for 


10 min. 


. Wash in tap-water for 5 min. 
. Flood slides with TBS pH 7.6 for 5 min. Tip off and wipe around section. 
. Incubate with anti-BrDu diluted 1/20 in 1% human AB serum diluted 


in TBS. Leave for 1.5—2 h. 


. Wash x 3 in TBS. 
. Add Dako biotinylated rabbit anti-mouse diluted 1/300 in 1% human 


AB serum diluted in TBS. 


. Wash x 3 in TBS. 
. Add ABC complex (Dako). 
. Wash x 3 in TBS. 


. Add DAB solution made up as per manufacturer's instructions. Leave 


on for 10 min. 


. Rinse in TBS. 
. Wash well in running tap-water for 10 min. 


. Counterstain in Mayer’s haematoxylin. Time is dependent on age and 


frequency of use of reagent in range of 10 sec—2 min. 


. Wash in running tap-water for 3 min. 
. Fix in 1% HCl/alcohol in and out. 
. Wash in running tap-water for 5 min. 


. Dehydrate through 50% (2 min), 95% (2 min) and absolute alcohol (in 


and out). 
CNP 30 for 2 min. 
DPX mount. 
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5.5 Mitotic index 


This technique looks at the rate of entry into mitosis and thus completes the 
picture of the cell cycle and the effects cytokines may have. The main 
disadvantage of this procedure is that mitoses occur rapidly usually only 
lasting 45 minutes and therefore frequent time-points have to be studied. The 
procedure involves gentle lysis of cells. Any resulting ‘mitotic spreads’ are 
fixed and stained and examined under a low-power microscope. 


Protocol 9. Determination of the mitotic index 


Equipment and reagents 


è Tri-sodium citrate 0.684% in distilled water |e Orcein acetate (filtered) 
èe Carnoys fixative: one part glacial acetic acid e Absolute alcohol 

plus three parts absolute alcohol e Petri dishes 
e 30 mm tissue culture dishes 


Method 
. Aspirate off medium. 


. Add 1.9 ml of tri-sodium citrate to the Petri dishes followed by 0.4 ml 
of distilled water drop-wise. 


. Mix the contents by very gently swirling the dish. 

. Leave at room temp. for 10 min. 

. Add 2.3 ml of Carnoys fixative, pour off and repeat. 
. Leave at room temp. for 10 min. 


. Pour off the fixative and air-dry. 


. When dry, stain with filtered orcein acetate and leave for 10 min. 


. Wash off the stain with absolute alcohol and air-dry. 


. Observe under low-power magnification. Mitotic nuclei should be 
visible. 


. Count 1000 cell nuclei (200 per field of view) per dish and calculate 
the percentage of mitoses. 





6. DNA fragmentation 


Duke et al. (1983) have shown that during target cell lysis by sensitized T 
cells, fragmentation of target cell DNA may occur within 10 min of exposure 
(7). This fragmentation occurs in a specific manner resulting in the formation 
of 200 base-pair or multiples of 200 base-pairs indicating that the DNA is 
being cleaved at susceptible points between condensed regions of chromatin. 
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The DNA fragmentation observed in the Duke system has been shown to act 
via the activation of an endonuclease and has since been observed in lyticevents 
mediated by lymphotoxin and TNF (5). Analysis of DNA fragmentation may 
provide useful information on mechanisms of cytokine mediated killing. 

The assay described in Protocol 10 is a modification of that described by 
Duke et al. (7). 






Protocol 10. DNA fragmentation 


Equipment and reactions 









25 mM sodium acetate buffer, pH 6.6 
Syringe fitted with 19-gauge needle 
Ultra centrifuge 

Beta scintillation counter 


e Sensitized T cells 
e Medium 

e 24-well plates 

e [H]thymidine (5 pCi/ml) 
e Cytokine of interest 













Method 
1. Seed the target cells at a density of 1x 10° cells in 2 ml of medium in 

24-well plates. 

Leave to attach for 6 h. 

Incubate for 18 h with 5uCi/ml [SH]thymidine (925 GBq/mmol). 

. Wash the cells 3 times with culture medium. 

. Incubate for 30 min on ice in culture medium. 

Remove unincorporated [*H]thymidine by further washing. 

Culture at a range of time-points with the cytokine of interest. 

At each time-point remove and retain culture medium. 

Treat the cultures for 1 h with 25 mM sodium acetate buffer, pH 6.6. 


OO NAMAWHN 


= 
>È 


Using a 19-gauge needle, syringe the contents of the dishes to detach 
the cells and centrifuge for 15 min at 27000 g. This will separate the 
intact chromatin (which will form a pellet) from the fragmented DNA. 
11. Count the radioactivities of the target cell DNA present in the culture 


medium, in the 27000 x g supernatant, and in the 27 000 x g pellet 

using a beta scintillation counter. 
12. Calculate the specific fragmentation using the formula below: 

% DNA fragmentation = 

c.p.m. DNA fragments?—c.p.m. spontaneous DNA fragments” 

total c.p.m.°—c.p.m. spontaneous DNA fragments? 
*c.p.m. culture medium + c.p.m. of 27000 g supernatant of cytokine treated cells retained at 
point 8 in protocol. 


©c¢.p.m. culture medium + c.p.m. 27000 g supernatant of parallel control cells. 
“c.p.m. DNA fragments 1 + c.p.m. 27000 g pellet of the cytokine treated cells. 
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Specific labelling of DNA fragmentation can also be investigated in vivo 
using 
immunohistochemisty. Protocol 11 is based on a paper published by Gavrieli 
et al. (8). The effects of cytokines such as IFN-y can be investigated in this 
way. Sections were prepared for staining as described in the Protocol 8 up to 
point 9. 


Protocol 11. Specific labelling of DNA fragmentation in vivo 


Equipment and reagents 
e Slide box e TOT buffer(39mMtrizma base, pH7.2,140mM 
e Proteinase k (20 pg/ml) sodium cacodylate, 1 mM cobalt chloride) 


e Terminal transferase (Boehringer Mann- ¢ TB buffer (300 mM sodium chloride, 300 
heim) mM sodium citrate) 


e Biotin-16-dUTP (Boehringer Mannheim) e General immunohistochemistry reagents 
e Bovine serum albumin (BSA) (see Protocol 8) 


Method 
1. Follow Protocol 8 to step 9. 


2. Incubate tissue sections with 20 ug/ml proteinase k for 15 min. 
3. Wash x 4 in distilled water. 
4 


. Inactivate endogenous peroxidase activity by incubation with 0.1% 
hydrogen peroxide for 15 min. 


5. Rinse sections in distilled water and immerse in TDT buffer. 


. Add TDT and biotinylated dUTP (in TDT buffer) to sections and 
incubate for 60 min. 


. Terminate reaction by immersing slides in TB buffer for 15 min at 
room temp. Rinse sections with distilled water. 


8. Add 2% solution of BSA for 10 min at room temp. 
. Rinse in distilled water. 
. Immerse in PBS for 5 min, room temp. 
. Follow steps 18—31 from Protocol 9 substituting PBS for TBS. 
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Production of cytokine transgenic 
and knockout mice 


MANOLIS PASPARAKIS and GEORGE KOLLIAS 


1. Introduction 


Transgenic mice have served for many years as fine tools in the dissection 
and understanding of complex biological phenomena. Studies on gene func- 
tion in multifactorial and multicellular systems have most benefited, because 
they often require experimental settings which faithfully simulate the in vivo 
situation. Additional technological advances which become accessible to a 
growing number of investigators, offer the opportunity to inactivate or modify 
endogenous genes in the mouse and open up new possibilities for research. 
In general, perturbation of gene expression in transgenic systems often leads 
to measurable alterations in the physiology of the animal and important 
functional implications come to light. 

Within the limitations of space in this chapter, we have sought to provide 
a technical guide to the production of transgenic and knockout mice for use 
by those who have limited experience in this field, taking care to include 
technical tips and details which have not been published elsewhere. Detailed 
laboratory manuals on transgenic technologies may also be found in refs 1, 2. 


2. Production of transgenic mice by pronuclear 
injection of DNA 


2.1 Equipment 


Specialized equipment is needed for pronuclear injections. Inverted micro- 
scopes are more convenient to use for microinjection and they should be 
equipped with Nomarski differential interference contrast optics (DIC), 
which allow better visualization of the pronuclear membranes. A pipette 
puller able to generate good injection needles is an absolute requirement for 
successful injections. Two sets of micromanipulators are necessary for the 
microinjection and two stereo-microscopes and a cold light source will be 
needed for the surgical transfer of the injected eggs into the oviducts of the 
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pseudopregnant females. In our laboratory we use a Diaphot TMD micro- 
scope (Nikon Ltd) with Nomarski optics and a set of Leitz micromanipulators 
(Leitz Instruments Ltd). A Kopf needle puller, model 750 (David Kopf 
Instruments), is used for needle-pulling and two Nikon stereo-microscopes 
and a Nikon fiber optic light source are used for the egg transfers. Other 
commercial suppliers of suitable equipment are Leitz, Carl Zeiss and Olym- 
pus for the inverted and the stereo-microscopes, Narishige Co. for the micro- 
manipulators and Campden Instruments for the needle puller. 


2.2 Animals 


2.2.1 Mouse strains 


Fertilized oocytes obtained from several strains of mice have been used for 
pronuclear injections. Zygotes produced by hybrid F; females are found to 
give better results than most inbred strains, possibly through a maternal or 
egg cytoplasmic effect that gives increased recovery of the eggs after micro- 
injection. When inbred genetic backgrounds (e.g. specific MHC haplotypes, 
disease resistance/susceptibility) are essential, inbred instead of F, zygotes 
may be used albeit with lower overall efficiency. At least one inbred strain, 
the FVB/N, shows efficiencies comparable to F; hybrids (3). Good F; females 
are obtained when C57B1/6 females are crossed with CBA, C3H or SJL/J 
males. We use (CBA x C57BI/6) F; females both for the derivation of the 
eggs and as pseudopregnant foster mothers. 


2.2.2 Scale 


The levels of transgene expression may vary significantly between different 
mouse lines generated with the same DNA, due to the variable number of 
integrated copies and the unpredictable influences of neighbouring chromatin 
at the transgene integration site. When ‘good’ expression of a transgene is 
required, production of 4-6 transgenic mouse lines is usually sufficient, 
although in particular cases more mouse lines may be needed (e.g. when the 
generation of a phenotype is expected to be associated with the level of 
transgene expression). 

To obtain four to six transgenic founders, at least 150 injected eggs should 
be transferred into pseudopregnant mothers. For this, 10-15 superovulated 
females will be needed. Depending on the supply of mice and the skills of 
the operator, this is usually accomplished in two to three days. 


2.3 Preparation of DNA for microinjection 


Any cloned fragment of DNA can be used for injection. Linear DNA frag- 
ments with sticky ends show much higher integration efficiencies than blunt- 
ended linear or supercoiled DNA (4). Prokaryotic vector sequences have 
been found to interfere with the expression of the transgene (5) and they 
should be removed before microinjection. For that reason, unique restriction 
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sites on both sides of the insert should be considered when designing a 
construct. Since the presence of introns is shown to facilitate transcription of 
the transgene, intron containing genes are preferred over cDNA constructs 


(6). 


2.3.1 Purification of DNA fragments 


DNA purity is a very important factor for the successful generation of trans- 
genic mice, since impurities such as traces of agarose or organic solvents can 
severely decrease the viability of the injected egg. Several methods are 
available for the isolation of DNA fragments (7). Depending on the size of 
the construct different approaches may be followed. For large DNA frag- 
ments (> 100 kb), such as those cloned in Yeast Artificial Chromosomes, 
specific successful protocols have only recently been described (8). For 
medium fragment sizes, e.g. cosmid inserts or ligated cosmid inserts (9), 
sodium chloride gradients or preparative pulse field gel electrophoresis may 
be used. For DNA fragments less than 25 kb in length, we routinely use 
preparative agarose gel electrophoresis followed by elution of the DNA 
fragment, either by glass powder adsorption after sodium iodide dissolution 
(Geneclean, BIO 101) or by digestion with B-Agarase I (New England 
Biolabs) according to the instructions of the manufacturers. 


2.3.2 The concentration of DNA for microinjection 


The concentration of the DNA used for microinjection is usually adjusted to 
1-2 ng/pl. This concentration reflects the original descriptions referring to 
successful rates of integration when 500-1000 copies of a 3.5 kb linear DNA 
fragment were injected in each zygote (4). However, when low integration 
frequencies are encountered we have found that for DNA constructs ranging 
between 4-12 kb in size, the concentration can safely be increased to 4-6 ng/ 
wl. For new DNA constructs prepared for microinjection, concentration is 
adjusted by comparison to an older fragment of similar size which has been 
used successfully in previous experiments. The new DNA is diluted until 
equal volume of solution gives equal band intensity with the control DNA 
on an ethidium bromide stained agarose gel. 


2.4 Preparation of the pipettes used for pronuclear 
injections 

2.4.1 The injection pipette 

Needles for microinjection are made from glass capillaries (borosilicate glass 

capillaries, thin wall, with inner filament) using a pipette puller. The shape 

of the needle is the most important factor for egg survival after injection. 

With an optimal needle, up to 90% of the eggs should survive injection. Using 

the Kopf needle puller and glass capillaries purchased from Intracel Ltd, we 

get good needles using the following settings: 
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Heat 1 t545 
Heat 2 0 
Sol 4 
Delay 0 
Sol 0.05 


The two Sol are parameters related to the pulling force and pulling time 
(described in Kopf puller manual). The pulling time which should be around 
5.5 sec can be controlled by adjusting the proximity of the heating elements. 


2.4.2 The holding pipette 

The holding pipette is a blunt, heat-polished pipette through which suction 
is applied to position and hold the egg for microinjection. Its external di- 
ameter should be between 80-120 um with an opening of approximately 
20-30 um. It is easier to prepare optimal holding pipettes by using a micro- 
forge instrument (e.g. Micro Instruments) to control the size and the shape 
of the opening. However, good pipettes can also be drawn and flame- 
polished by hand using a stereoscope and the flame of a microburner. 


2.5 Recovery of oocytes 


Fertilized oocytes used for microinjection are usually obtained from matings 
between F, males and females. To control the timing of ovulation it is best 
that animals are kept in a constant light-dark cycle. Since ovulation occurs 
3-5 h after the onset of the dark period and egg pro-nuclei are suitable for 
microinjection at 15-18 h after ovulation, a convenient light-dark cycle can 
be worked out according to the needs of the operator. For example, in a 
7 pm-7 am dark, 7 am-7 pm light cycle, microinjection is best performed at 
15:00-18:00 h. 

Since natural matings produce low numbers of zygotes it is preferable that 
females are induced to superovulate. For superovulation, 3 to 5 weeks old 
females are injected i.p. on day one with 5 units of pregnant mare’s serum 
(PMS) which mimics the effects of follicle stimulating hormone (FSH). This 
is done 5-6 h before the start of the dark period of the light cycle. On day 
three, 46—48 h after the PMS administration, mice are injected i.p. with 5 
units of human chorionic gonadotropin (hCG) and placed with individually 
caged F; stud males (i.e. one female and one male per cage). To maximize 
the fertilizing efficiency of sperm, it is best to alternate the group of males 
so that each male gets one female every 2-3 days. The following morning, 
females are checked for vaginal plugs. Those that have mated are sacrificed 
and their oviducts are dissected out and placed in a 35 mm tissue culture 
dish containing standard M2 medium equilibrated at room temperature. 
Zygotes are collected in M2 medium containing 300 ug/ml hyaluronidase 
(Sigma) to remove the sticky cumulus cells. This step should not exceed 10- 
15 min as hyaluronidase may affect egg viability. Following this, eggs are 
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washed several times in M2 medium to remove hyaluronidase, transferred in 
CO, buffered M16 medium and stored at 37°C, 5% CQO, in micro-drop 
cultures overlaid with paraffin oil. M2 and M16 media can be prepared in 
the lab using analytical grade chemicals and pyrogen-free water according to 
published protocols (1, 2). We find it more convenient to buy both M2 and 
M16 media ready made, in powdered form (Sigma) and prepare them 
according to the manufacturer’s instructions. 


2.6 Microinjection procedure 


Pronuclear injections are carried out in a paraffin-oil covered drop of M2 
medium, set on a siliconized glass depression slide. The glass slide should be 
washed in a mild detergent and thoroughly rinsed in pyrogen-free water. The 
holding pipette which is filled with Fluorinert FC77 (Sigma) is controlled by 
a micrometer syringe which is connected to the pipette through a paraffin- 
oil-filled Tygon tubing. The injection needle is connected through air-filled 
tubing to an air-filled 50 ml glass syringe. 


Protocol 1. Microinjection procedure 


Equipment and reagents 


e Holding and injection pipettes (see Sections e Oocytes (see Section 2.5) 


2.4.1, 2.4.2, and 2.6) e Inverted microscope with Nomarski optics 
e Paraffin-covered drop of M2 medium (see (see Section 2.1) 

above) e One pair of micromanipulators (see Section 
e M2 medium 2.1) 
e M16 medium e 50 ml air-filled syringe 
e Cytochalazin D e CO, incubator 
Method 
1. First lower the holding and injection pipettes in the drop of M2 

medium. 


2. Transfer a small number of eggs, usually 15-30 depending on the 
experience of the injector, into the drop. 

3. To check that the injection needle is open move it close to one of the 
eggs and apply pressure observing the movement of the egg. If the 
needle is closed, try to brake its very tip by letting it carefully touch the 
holding pipette. 

4. At low magnification use the holding pipette to pick an egg and 
observe at higher magnification for visible pro-nuclei. Select the most 
easily accessible pro-nucleus and use the holding and injection pipettes 
to bring the egg at the best position for injection. Depending on the 
structure of the opening of the holding pipette, it is usually safer for 
the egg to be held from the area of the zona pellucida next to the polar 
bodies. 
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Protocol 1. Continued 


5. Move the injection needle close to the egg and use the micromanipulator 
adjuster to focus both the tip of the needle and the pro-nucleus at the 
same level. 

6. Insert the needle through the zona pellucida and the egg membrane 
into the pro-nucleus. Apply some pressure to the 50 ml air-filled syringe. 
lf enough pressure is applied and the needle has not yet penetrated 
the egg and pro-nuclear membranes, a ‘bubble’-like structure should 
appear at the tip of the needle. Jab the nucleus with the needle and 
inject again. Visible swelling of the pro-nucleus indicates a successful 
injection and the needle must be carefully withdrawn (Figure 1). 
After injection the pronucleus tends to shrink back to its original 
size. 


7. Move the injected oocyte to one side of the optical field using low 
magnification and proceed with the next one. 


8. After having injected the first group of eggs, transfer them in M16 

medium and store in the CO, incubator. Continue with the rest of the 
groups. 
An experienced injector should expect that approximately 70—90% of 
the eggs will survive injection. However, we and others have found 
that ease of injections and survival rates are increased when cyto- 
chalazin D (at 1 g/ml) is included in the drop of M2 medium where 
injections are taking place. Cytochalazin D reversibly depolymerizes the 
cytoskeleton of the egg making the cell membranes more distortable 
and less susceptible to lysis. Injected eggs should be washed exten- 
sively in M2 medium to remove cytochalazin D. 





Figure 1. Injection of DNA solution into one of the pro-nuclei of a mouse zygote. 
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Protocol 2. Egg transfer into the oviducts of pseudo-pregnant 


females 


Equipment and reagents 


e Anaesthetic (Hypnorm/Hypnovel/ddH,0 e Binocular dissecting microscope and cold 


mix 1:1:6 light source 


e Blunt and fine forceps e 0.1% adrenaline 
e Surgical wound clips (e.g. Disposable Skin e Mouth-driven glass transfer pipette 


Stapler, Precise DS-25 from 3M) e Heat source for post-anaesthetic recovery 


Mature (> 7 weeks old) F, females, mated with vasectomized males are 
used as pseudopregnant recipients for the injected eggs. Egg transfer may 
take place on either the same day of injection or the next day, when the 
eggs will be at the two-cell stage. In either case, day 0.5 pseudo-pregnant 
females should be used as recipients. 


Method 


1. 


Anaesthetize the recipient female by intraperitoneal injection of 0.3 ml 
of Hypnorm/Hypnovel/ddH,0 mix (10). 


. Swab the back of the mouse with ethanol and make a small mid-line inci- 


sion in the skin at approximately the level of the last rib. Locate the posi- 
tion of the ovary indicated by a pink structure seen through the body wall. 


. Make a small incision through the body wall and use blunt forceps to 


grasp and gently pull out the fat pad which is attached to the ovary 
exposing the uterus. 

Place a clip on the fat pad to hold the oviduct in place and move the 
mouse under a binocular dissecting microscope. 

Expose the opening of the oviduct, which is found adjacent to the 
Ovary, by tearing the bursa with fine forceps. Rupture of the bursa often 
causes bleeding which can obscure vision and lead to operational diffi- 
culties for the unexperienced. To avoid this, a drop of a 0.1% solution 
of adrenaline may be applied directly on to the bursa just before tearing 
it. This approach has no apparent adverse effects and prevents all 
bleeding from the ruptured bursa (G. Schmidt and J. O'Sullivan, personal 
communication). 


. Expel eggs into the oviduct using a mouth driven glass transfer pipette. 


Transfer approximately 15 eggs at the one-cell stage (or 10 eggs if at 
the two-cell stage) to each oviduct. 


. When the operation is completed, staple together the edges of the 


skin where the incision was made using one or two wound clips. 


It is important to keep the mouse warm after the surgery until it has 
recovered from the anaesthesia. Two to three recipient females are caged 
together and they give birth usually 19—20 days after the transfer. Caging 
of the females together lowers the possibility of loosing some new-borns 
due to small litter size. 
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2.7 Integration and expression of injected genes 


A few hundred copies of the gene of interest are usually injected into the 
pro-nucleus of the mouse zygote. The factors affecting subsequent integration 
into the mouse genome have not yet been defined. In general, it is accepted 
that integration occurs at a random site in the mouse genome and transgenes 
are found inserted usually at a single chromosomal locus, either as single 
copies or, more often, in tandem, head-to-tail arrays which are inherited as 
Mendelian traits. More rarely, transgene integration can occur at two or more 
positions in the mouse genome. In addition, it has been observed that in as 
many as 30-40% of the transgenic founder mice only a subset of cells carry 
the injected DNA and that these mice are therefore mosaic for the transgene. 
Such mosaicism could result from delayed DNA integration at the two-cell 
or even later stages of development. Mosaicism is not always a problem, since 
it can contribute to the survival of mice carrying an otherwise lethal or 
pathology-inducing transgene. This may be a common situation, in transgenic 
studies of cytokine function. For example, we have been able to analyse the 
pathology induced by human TNF in transgenic mice by studying the develop- 
ment of an early lethal phenotype in the progeny of an unaffected mosaic 
transgenic founder (11). 

The transcriptional efficiency of transgenes is almost always influenced by 
the activation status of the neighbouring chromatin at the insertion site. It is 
generally observed that both the specificity and the levels of transgene ex- 
pression may be influenced. However, in most cases, it has been shown that 
tissue specificity can be correctly conferred upon expression of the transgene, 
by inclusion in the gene construct of a few hundred base pairs of flanking, 
cis-acting DNA sequences (e.g. promoters and enhancers). Influences from 
the neighbouring chromatin do not affect expression of such transgenes in 
the ‘correct’ tissues although often they can cause expression in ‘wrong’ 
tissues. At present, position independent expression of transgenes can only 
be obtained by using specific cis-acting DNA elements called Locus Control 
Regions (LCRs) which are able to drive position independent, tissue specific 
and copy number dependent expression of the associated transgenes (12, 13). 


2.8 Identification of transgenic progeny 


Identification of transgenic mice is generally performed by standard Southern 
or dot/slot blot hybridization techniques on genomic DNA prepared from 
mouse tail fragments. Alternatively, transgene specific PCR amplification 
may also be applied allowing for the use of smaller samples of tissue, such 
as tail tips, ear pieces or blood samples. 
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Protocol 3. Preparation of DNA from tail fragments of mice 


Equipment and reagents 


Tail buffer (50 mM Tris-HCI pH 8.0, 0.1 M e 24:1 Chloroform/isoamy! alcohol 


EDTA, 0.1 M NaCl, 1% SDS) ə lsopropanol 
e Proteinase K (10 mg/ml) in 50 mM Tris-HCI œ 70% Ethanol 

pH 8.0 e TE buffer (10 mM Tris-HCI pH 8.0, 1 mM 
e 25:24:1  Phenol/chloroform/isoamyl alco- EDTA) 


hol saturated tn 100 mM Tris-HCI pH 8.0 e Microcentrifuge 


RNase A (10 mg/ml) in 0.3 M NaCl, 0.03 M e Pipette tips with cut ends 
Na3-citrate, inactivate DNase impurities by 
a 5 min incubation in a boiling waterbath 
1.5 ml safe-lock polypropylene tubes (e.g. 
Eppendorf) 

Vortex mixer 


e Sealed Pasteur pipettes 
e Bench-top shaker 
e UV Spectrophotometer 


Method 


1. 


10. 


11. 


Cut 0.5-1 cm of the tail into a 1.5 ml safe-lock polypropylene tube 
containing 0.6 ml of tail buffer. 

Add 20 wl of 10 mg/ml Proteinase K solution, mix and incubate 
overnight at 55°C. 


. The next morning add 1 pl of 10 mg/ml RNase A and incubate for one 


hour at 37°C. 


. Add 0.6 ml phenol/chloroform/isoamyl alcohol to each tube and vortex 


for 5—10 min. 


. Centrifuge each tube for 10 min at 13000 g in a microcentrifuge at 


room temp. Remove the supernatant to a fresh tube using tips with 
cut ends to avoid any carry-overs from the interface. 7 

Repeat steps 4 and 5. 

Add 0.5 ml chloroform/isoamyl alcohol and vortex for 5 min. 
Centrifuge for 5 min at 13000 g in a microcentrifuge and remove the 
aqueous phase to a fresh tube. 

Proceed with one tube at a time. Add 0.6 vol. isopropanol to each 
tube, mix several times by inversion until a white DNA mass is visible. 
Hook out the precipitated DNA using a sealed Pasteur pipette. 
Immerse the DNA briefly in 70% ethanol, let it dry for a few minutes 
and place it in a microcentrifuge tube containing 100 wl TE buffer. 
Allow to stand for 10 min and then carefully remove and discard the 
Pasteur pipette. 

Shake the tubes on a bench-top shaker to completely dissolve the 
DNA and determine the concentration by measuring the Azgp OD. 


2 The quality of the DNA prep at this stage is appropriate for slot-blot hybridization analysis (see 
Protocol 4). It can also be stored at —20°C for later further purification. However, if the DNA is to be 
used for Southern hybridization analysis, the protocol should be carefully followed to the end. 
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Figure 2. Slot-blot analysis of mouse tail DNA. 

Each slot on the membrane is cut in two parts and each piece is hybridized with a 
different probe. In this example, the left half (A) is hybridized with a radiolabelled probe 
specific for the detection of human p55 TNF-receptor transgenes and the right half (B) 
with a radiolabelled probe specific for the single copy endogenous mouse p55 TNF- 
receptor gene. The latter is used as a quantitative control. 

Slot 1: Tail DNA from a low-copy number transgenic mouse 

Slot 2: Tail DNA from a high-copy number transgenic mouse 

Slot 3: Tail DNA from a non-transgenic littermate 

Slot 4: Normal mouse DNA 


Protocol 4. Slot-blot analysis of tail DNA 


Equipment and reagents 


e Slot-blot apparatus (e.g. Schleicher and Positively charged nylon membrane (e.g. 
Schuel) Hybond Nt from Amersham) 
e Tail DNA; 5 pg of DNA or alternatively Alkaline solution (0.5 M NaOH, 1.5 M NaCl) 


20 pl of the supernatant from the first Neutralizing solution (0.5 M Tris-HCI 
phenol extraction of tail DNA (see Protocol pH:7.4, 1.5 M NaCl) 


3, step 5) e Radiolabelled probe for endogenous 
e X-ray film single-copy gene 
e Hybridization equipment and reagents e Radiolabelled probe for transgene detection 
Method 


1. For each sample, add 5 wg of DNA (or 20 ul of phenol supernatant) in 
water to a final volume of 180 wl. Then add 20 wl of 4 M NaOH, mix 
and allow to stand at room temp. for 15 min. 


2. Cut a piece of nylon membrane of the correct size, rinse in distilled 
water and soak in alkaline solution for at least 10 min. 


3. Assemble the slot-blot apparatus according to the manufacturer's 
instructions and wash each well twice with alkaline solution. Apply the 
samples. 


4. Disassemble the apparatus, immerse the membrane in 200 ml of neutral- 
izing solution and shake gently for 10 min at room temp. 
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5. Dry the membrane and cut it so that each well is divided in two parts 
of equal size (see Figure 2). 


6. Hybridize half of the membrane with a radiolabelled probe for an 
endogenous single-copy gene and the other half with the appropriate 
radiolabelled probe for the detection of the transgene. This approach 
controls efficiently for false negatives or false positives and minimizes 
general quantitative artefacts. It is recommended especially when low- 
copy transgenic lines are analysed. 


7. After hybridization assemble the pieces of the membrane and expose 
on X-ray film. 





Protocol 5. Screening of transgenic animals using PCR 


Equipment and reagents 


PCR lysis buffer (50 mM KCI, 10 mM Tris— 10 mg/ml proteinase K 


HCI pH 8.3, 1.5 mM MgCl, 0.1 mg/ml gela- 
tin, 0.45% NP40, 0.45% Tween 20) 
10 x PCR buffer (670 mM Tris—HCI pH 8.8, 
166 mM (NH4)2SOu4, 1 mg/ml BSA) 


10 mM MgCl, 
GNTP mixture (2.5 mM each) 
Specific oligonucleotides (sense and anti- 


sense) for the transgene 
Waterbaths at 56°C and 95°C 


g e 10 x TBE buffer (0.89 M Tris-base, 0.89 M 
e Microcentrifuge and tubes Boric Acid, 25 mM EDTA); adjust pH to 8.3 
e 2000 U/ml Taq polymerase e Loading buffer 
e Sterile distilled water e 1.5% agarose gel in 1 x TBE buffer 
e Paraffin oil (depending on the PCR appar- è UV transilluminator 

atus used) 


Method 

1. Cut a small piece (not more than 2 mm) from the tip of the tail and 
digest overnight at 56°C in 250 wl of PCR-lysis buffer containing 3 yl of 
10 mg/ml proteinase K solution. 

2. The next day incubate the tail digests at 95°C for 30 min to inactivate 
the proteinase. 

3. Cool on ice for 10 min, spin at full speed for 10 min in a microcentrifuge, 
and remove 2 pl from each sample into the tubes for PCR. 

4, Prepare enough reaction mixture to use for all samples by calculating 
per reaction: 
è 2 ul 10 x PCR buffer 
e 2 ul 10 mM MgCle 
e 1.5 ul dNTPs (mixture 2.5 mM each) 
e 1 pl oligonucleotide mix? 
e 1 ul Taq polymerase (2000 U/ml) 
e 10.5 pl sterile distilled water 


307 


Manolis Pasparakis and George Kollias 


Protocol 5. Continued 


5. Add 18 wl of the reaction mixture in each tube, overlay each reaction 
with paraffin oil (depending on the model of the PCR apparatus used) 
and cycle the tubes using standard appropriate conditions. 


6. When cycling is completed, add 5 pl loading buffer to each reaction 
and run the samples on a 1.5% agarose gel in 1 x TBE buffer. 


7. Visualize the bands on a UV transilluminator and take a photograph of 
the gel. 


The optimal concentration for each pair of oligonucleotides should be established by carrying 
out reactions with concentrations ranging from 0.5 to 10 pmol of each oligonucleotide per 


reaction. 





3. Production of knockout mice 


The embryonic stem (ES) cell technology, combined with the methodology 
of gene targeting by homologous recombination, has made possible the 
introduction of designed mutations into the mouse germline. With the use of 
this technology, any desired genetic alteration can be introduced into the 
genome of ES cells in culture and then transferred into the mouse germ-line, 
making possible the study of the function of the mutated gene in the animal. 


3.1 Embryonic stem cells 


Embryonic stem cells are derived directly from the inner cell mass of mouse 
blastocysts and when cultured in vitro retain their undifferentiated pluri- 
potential character even after a significant number of passages (14). The most 
useful property of ES cells has been their ability to contribute to the develop- 
ment of all cell lineages, including the germ cells, when transferred back into 
the mouse embryo (15). This feature makes it possible to generate mice 
derived exclusively from a single cell which has been cultured and manipu- 
lated in vitro. ES cell-lines have been derived from both inbred and outbred 
strains of mice. However, most existing ES cell lines are derived mainly from 
the 129/J and 129/Sv strains but also from the C57B1/6 mouse strain. 


3.2 Culturing ES cells 


An extensive description of the methods for the isolation and culturing of ES 
cells is beyond the aim of this chapter and those who require a detailed 
laboratory manual for these methods are referred to ref. 16. 

Optimal culture conditions are critical to the in vitro maintenance of ES 
cells. Good care should be given to the quality of the culture medium and 
serum. Since only a limited number of sera are found to be of sufficient 
quality for ES cells, fetal calf serum should be routinely batch tested for its 
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Figure 3. Schematic representation of a knockout protocol. 


ability to support their growth. The ability of ES cells to remain pluripotential 
in culture is shown to be dependent mainly on the presence in the culture 
medium of the cytokine leukaemia inhibitory factor (LIF) (17, 18). Even 
though recombinant LIF can be supplemented in the ES cell medium, the 
most effective and economical approach for maintaining pluripotential ES 
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cells is to culture them on layers of mitotically inactivated feeder cells that 
produce and secrete LIF and other factors in the medium. 


3.2.1 Preparation of feeder cell layers 


Both permanently growing cell lines (i.e. STO fibroblasts) and primary mouse 
embryo fibroblasts (PMEFs) have been successfully used as feeders for the 
maintenance of pluripotential ES cells. We use STO (neo‘) fibroblasts grown 
routinely in DMEM plus 7% FCS, for the preparation of feeder cells. 


Protocol 6. Preparation of feeder cell layers 


Equipment and reagents 
e DMEM plus 7% FCS e Mitomycin C (Sigma). Dissolve in PBS at 
e PBS w/o Ca?* and Mg?+ 1 mg/ml, aliquot and store at —70°C. Thaw 


e Trypsin-EDTA solution (1:250 Trypsin, 0.2 an Hepsi Just pricy to use l 
g/litre EDTA, prepared in Modified Puck's ¢ Gelatin solution 0.1% is prepared by dilut- 
saline, GIBCO-BRL) ing a 2% gelatin solution (Sigma cell cul- 

ture reagents, type B, from Bovine skin} in 


i dish 
e 10 cm tissue culture dis sterile ddH0O 


e 37°C, 5% CO; incubation 
e Tissue culture centrifuge 


Method 


1. To a confluent 10 cm dish of STO fibroblasts add mitomycin C at a final 
concentration of 10 ug/ml and incubate at 37°C, 5% CO, for 2-3 h. 


2. To prepare gelatinized tissue culture dishes add enough 0.1% gelatin 
solution to cover the surface of the dishes. Incubate at room temp. for 
at least one hour. Aspirate the gelatin solution before plating the 
feeder cells. 


3. Aspirate the mitomycin C containing medium from the cells and wash 
them 3 times with 5 ml PBS. Trypsinize cells with 1 ml Trypsin-EDTA 
solution and collect them in DMEM plus 7% FCS. 


4. Centrifuge at 250 g for 5 min and resuspend the cell pellet in DMEM 
plus 7% FCS. Count cells and dispense cell suspension in gelatin coated 
dishes at a concentration of 6-7 x 10* cells/cm. 


5. Feeder cells should spread to give a monolayer in a few hours and if 
fed with fresh medium weekly, they can be used for as long as 15—20 
days after their preparation. Change the medium to ES medium before 
adding ES cells. 


3.2.2 The ES cell culture medium 


In our laboratory we use mitomycin-C treated STO fibroblasts as feeder cells. 
The medium used is Dulbecco’s modified Eagle’s medium (DMEM) with high 
glucose (4.5 g/litre), L-glutamine, non-essential amino acids, and no sodium 
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pyruvate. DMEM and phosphate-buffered saline (PBS, Ca?* and Mg?* free) 
is purchased in 1 X liquid form, to avoid any variations in the quality of water 
used for its preparation. L-glutamine is added to a final concentration of 
2 mM, penicillin (100 U/ml) and streptomycin (100 ug/ml) are included, and 
2-mercaptoethanol is added to a final concentration of 0.1 mM. DMEM and 
PBS in 1 X liquid form and L-glutamine, MEM non-essential amino acids, 
and penicillin/streptomycin in 100 x solutions are obtained from GIBCO- 
BRL. The 100 x solution of 2-mercaptoethanol is prepared by diluting 7 pl 
of a standard 14 M solution (Sigma) into 10 ml of PBS. The medium is 
supplemented with 15% fetal calf serum and this formulation is referred to 
as ES-medium. 


3.3 Gene targeting in ES cells 


Gene targeting by homologous recombination in mammalian cells is a very 
infrequent process. The ratio of homologous recombination is found to vary 
significantly between different experiments. In recent reports, increased 
homologous integration frequencies have been achieved by using DNA 
sequences isogenic to the target ES cell DNA sequences (19). 


3.3.1 Vectors for gene targeting 

A targeting vector is designed to recombine with and mutate a specific 
chromosomal locus. For this, a vector should contain DNA sequences homo- 
logous to the target site and selection markers to enrich for the rare homo- 
logous recombination event. 

Since homologous recombination events are highly infrequent, it is desirable 
to apply efficient selection schemes to enrich for the targeted clones. A 
positive—negative selection approach, devised by Mansour et al. (20), has 
been successfully used for many different targeting experiments. Positive 
selection, usually conferred by a neomycin resistance gene cassette (neo), 
serves as a transfection marker and in many cases as a means to disrupt or 
replace coding exons and therefore inactivate genes. Negative selection usually 
imposed by the HSV thymidine kinase (tk) gene product, is useful for the 
elimination of cells in which random integration has occurred (see Figure 4). 


3.3.2 Strategies for the introduction of subtle mutations into the 
ES cell genome 

Several methods have been developed to introduce subtle mutations into the 
ES cell genome. These include microinjection of the targeting construct into 
ES cells followed by PCR screening to identify the positive clones (21), 
coelectroporation of a targeting construct with an unlinked selectable marker 
into ES cells (22) and the two-step ‘in-out’ or ‘hit-and-run’ method developed 
by Valancious and Smithies 1991 (23) and Hasty et al. (24). 

Recently, a ‘double replacement’ approach has been developed for the 
introduction of subtle mutations in ES cells (25). In this approach endogenous 
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Figure 4. Schematic representation of vector/target recombination events using the 
positive—negative selection approach. (A) Gene targeting via homologous recombination, 


(B) random vector insertion into the ES cell genome. 


sequences from the gene of interest are first exchanged by replacement with 
a positive and a negative selection marker (neo and tk respectively). In a 
second step, the introduced neo/tk cassette is replaced with sequences con- 
taining the desired mutation using a new targeting construct. Targeted clones 
are then selected for the absence of the negative selection marker. The 


advantage of this method is that a number of different mutations can be 
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efficiently introduced into the same chromosomal locus by homologous 
targeting in the engineered neo/tk containing ES cell clone. 

Using a different approach, conditional or cell-type specific activation or 
inactivation of gene expression can be achieved (26). In this approach, the 
Cre/loxP recombination system of bacteriophage P, is used to confer site- 
specific excision of DNA sequences flanked by directly repeated loxP sites. 
For this, two mouse strains are required. One is constructed by homologous 
recombination in ES cells to contain loxP sequences in chosen sites of any 
gene of interest. The second, is a transgenic mouse line engineered to express 
Cre recombinase in a cell type- or developmental stage-specific manner. 
Inter-crosses between these two mouse lines should produce mice in which 
loxP site-directed deletions will occur exclusively in cells where Cre recom- 
binase is expressed. Using variations of this approach, a multitude of genetic 
manipulations in the mouse may be envisaged, including cell-fate determina- 
tion and the in vivo ablation of specific cell lineages at specific developmental 
stages. 


3.4 Transfection of ES cells 


Several methods are available for the introduction of DNA into mammalian 
cells. Amongst them electroporation is the most widely used for gene target- 
ing in ES cells. 


Protocol 7. Electroporation of DNA into ES cells 


Equipment and reagents 


e Targeting DNA construct purified on a CsCl pulser with a capacitance extender (Bio- 
gradient and linearized with appropriate Rad) 
restriction enzyme e Bio-Rad electroporation cuvettes (0.4 cm 
e ES-medium (see Section 3.2.2) gap, Bio-Rad) 


Trypsin-EDTA solution (1:250 Trypsin, 0.2 e G418 (Geneticin, Gibco) 


g/litte EDTA, prepared in Modified Puck's e Ganciclovir (Symevene) 
saline, Gibco-BRL) e Phenol/chloroform 

e PBS w/o Ca?* and Mg?* e Chloroform 

e Plastic tissue culture dishes (100 x 20mm) e Ethanol 

e Gel electrophoresis equipment and re- e Sterile double-distilled water 
agents e Tissue Culture centrifuge 


Electroporation apparatus: Bio-Rad gene 


Method 


1. Prepare the targeting vector DNA on a CsCl gradient and linearize it 
by digestion with the appropriate restriction enzyme. Check by gel 
electrophoresis that digestion is complete and extract the DNA by 
treatment with phenol/chloroform and chloroform. Precipitate with 
ethanol, wash with 70% ethanol and resuspend in sterile ddH20 to 
0.5 ug/ml. 
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Protocol 7. Continued 
2. One day before electroporation, passage subconfluent cultures of ES 
cells 1:3. Change the medium 3—4 h before harvesting them on the 
day of electroporation to ensure that cells are actively growing. 
3. Wash plates twice with 10 ml PBS, add 2 ml Trypsin-EDTA solution and 
place back in the incubator for 4—5 min. Add 4 ml of medium in each 
plate and pipette vigorously to achieve a near single-cell suspension. 


4. Centrifuge the cells at 250 g for 5 min and resuspend them in PBS 
(5 ml for every 10 cm plate). Count cell numbers. 


5. Recentrifuge the cells and resuspend them in PBS at a final concentra- 
tion of 1.25 x 10’ cells/ml. 

6. Mix 0.8 ml of the cell suspension with 25 wg of the targeting vector 
in a sterile 1.5 ml tube and let stand for 5 min at room temp. 


7. Transfer the suspension into an electroporation cuvette, place the 
cuvette in the electroporation chamber and apply a single pulse at 230 
V, 500 uF. Tap the cuvette on the bench to suspend the cells and 
incubate for 5 min at room temp. 


8. Plate the contents of each cuvette in two 10 cm plates containing 
feeder cells freshly fed with ES medium. 


9. 24 h after electroporation apply G418 selection (200 pg/ml active 
concentration). Negative selection (107° M Ganciclovir) may be applied 
72 h after electroporation. 

10. Refeed the cells when the medium becomes acidic (indicated by a 
yellow colour), usually daily for the first 3—5 days. Resistant colonies 
should be visible 7—8 days after electroporation and ready to be 
picked 2—3 days later. 


3.5 Picking and expansion of ES cell colonies 


ES cell colonies are ready to be picked approximately 10 days after electro- 
poration. Single colonies are picked and transferred into single wells with 
feeder cells in 96-well plates. When the clones have grown to sub-confluence 
they are split into replica plates for freezing and for DNA isolation. 





Protocol 8. Picking and expansion of ES cell colonies 


Equipment and reagents 


e ES-medium (see Section 3.2.2) e 8-channel multichannel pipette (Capp, Den- 
e Trypsin-EDTA solution (1:250 Trypsin, 0.2 mark) 
g/litte EDTA, prepared in Modified Puck's e Multipipette with 8-channel adapter for dis- 


saline, Gibco-BRL) pensing liquid media into wells (Eppendorf) 
e PBS w/o Ca*t and Mg** e 8-place manifold aspirator for 96-well 
e Tissue culture 96-well plates (with flat- plates (Drummont Scientific Co.) 


bottom and U-shaped wells) 
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Method 


1. 


10. 


Add 25 ul of trypsin-EDTA solution in each well of a U-shaped 96-well 
plate. 


. Wash the plate containing the ES cell colonies with 10 ml PBS and fill 


it with 10 ml PBS. 


. Use a stereo-microscope, a 20 ul micropipettor and sterile disposable 


tips to pick individual colonies in a small volume of PBS (5—10 ul). 
Transfer individual colonies to the plate prepared in step 1. 


. After having finished with one 96-well plate, place it in the incubator 


for 5—10 min. 


. Take a flat-bottomed 96-well plate containing feeder cells, aspirate the 


medium and add 100 wl of ES cell medium to each well, 


. Remove the plate with the trypsinized colonies from the incubator and 


add 100 pl of ES cell medium in each well. Use a multichannel pipettor 
(8—12 channel) and sterile disposable tips (change tips for each set of 
wells) to dissociate the ES cell colonies by vigorously pipetting them 
up and down. 


. Transfer the contents of each well to the respective wells of the plate 


prepared in step 5. 


. Let the cells grow for the next 3—4 days, changing the medium when 


it becomes acidic. 


. When cells are approaching confluence, split them 1:2. For this, 


wash each well twice with 100 wl of PBS, add 50 pl of trypsin-EDTA 
solution and let them stand in the incubator for 5—10 min. Add 100 pl 
of ES cell medium in each well, dissociate colonies by vigorous 
pipetting and split the contents in two feeder cell containing 96-well 
plates. 


When ES cells in the two replica plates approach confluence, freeze 
one at —70°C (see Protocol 9) and split the other 1:3. From these three 
new plates, one should contain feeder cells and will be frozen as a 
second safety stock. Two more will be gelatinized but without feeders 
and will be used to prepare DNA (see Protocol 17). 


3.6 Storage and recovery of ES cell clones 


Screening of large numbers of ES cell clones may be a time-consuming 
process. To minimize the time that ES cells are kept in culture, it is preferable 
to freeze them down until screening is completed. ES cells may be frozen 
directly in the 96-well plate making it possible to simultaneously freeze a large 


number of clones. 
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Protocol 9. Freezing ES cell clones in 96-well plates 


Equipment and reagents 


e Trypsin-EDTA solution (1:250 Trypsin, 0.2 e 8-channel multichannel pipette (Capp, Den- 
g/litre EDTA, prepared in Modified Puck's mark) 
saline, Gibco-BRL) Multipipette with 8-channel adapter for dis- 


e PBS w/o Ca** and Mg?* pensing liquid media into welis (Eppendorf) 
e 2 x freezing medium (20% DMSO, 80% e» 8-place manifold aspirator for 96-well 
FCS) plates (Drummont Scientific Co.) 


e Sterile light paraffin oil (Sigma) Parafilm 
96-well plates containing feeder cells e Styrofoam box 
e ES clones and ES medium 


Method 


1. Grow ES cell clones to subconfluence in feeder cell containing 96-well 
plates. 


2. Feed cells with fresh medium 4 h before freezing. 
3. Aspirate the medium and wash wells twice with 100 pl of PBS. 


4. Add 50 pl of trypsin solution per well and place back in the incubator 
for 5—10 min. 


5. Remove the plate from the incubator and add 50 wl of 2 x freezing 
medium in each well. Pipette up and down using the multichannel 
pipette (avoiding bubbling) until the ES cell clumps are dispersed into 
a near single-cell Suspension. 


6. Add 100 pl of sterile light paraffin-oil in each well to prevent evaporation 
during storage at —70°C. Seal the 96-well plate with parafilm, place in 
styrofoam box and store at —70°C until analysis of DNA is completed. 


Protocol 10. Thawing ES clones from 96-well plates 


Equipment and reagents 


e ES medium (see Section 3.2.2) e Sterilized Pyrex dish 
e Sterile distilled water e Tissue culture 24-well plates 
Method 


1. Prepare in advance 24-well plates containing feeder cells. Before use, 
feed with 2 ml fresh ES medium. 





2. Warm up Sterile distilled water to 38—40°C and pour in a sterile Pyrex 
dish in the laminar flow hood. 
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3. Remove one frozen 96-well plate from the —70°C freezer and place it 
directly on the surface of the water taking care not to allow water to 
enter into the wells. 


. Hold the plate until its contents are thawed. Transfer the selected 
clones, avoiding most of the paraffin oil, into the individual wells of the 
24-well plate prepared in step 1. 


. The next day change the medium to remove the DMSO and the traces 
of the paraffin oil. Passage the cells when they reach subconfluence. 





3.7 Identification of targeted ES cell clones 


Screening for targeted ES cell clones can be performed either by PCR or by 
Southern blot hybridization. PCR is often used for screening of pooled clones 
and the individual clones of the positive pools are further analysed with 
Southern blot. To minimize the risk for false negative clones we prefer to 
directly analyse clones by Southern blotting and hybridization. 


Protocol 11. Extraction and restriction enzyme digestion of DNA 
in 96-well plates? 


Equipment and reagents 


Ethanol 70% 
Ethanol 100% 
Restriction digest mix (1 x restriction buf- 


PBS w/o Ca?* and Mg?2* 


Lysis buffer (10 mM NaCl, 10 mM Tris—HCl 
pH 7.5, 10 mM EDTA, 0.5% Sarcosyl, 0.4 


mg/ml freshly added proteinase K) 
Gelatinized 96-well plates (see Protocol 6, 
Step 2) 

ES clones 


e Box containing wet paper towels, pre- 


warmed to 56°C 


Method 


1. Grow ES cell clones in gelatinized 96-well plates until fully confluent. 


fer, 1 mM spermidine, 1 mM DTT, 100 pg/ 
ml BSA, 50 pg/ml RNase A, 20 U of restric- 
tion enzyme per reaction) 

56°C incubator 

Low-power microscope 


2. Wash each well twice with 100 ul of PBS and add 50 wl of lysis buffer. 


3. Transfer the plate into a 56°C pre-warmed box containing wet paper 
towels to create a humidified atmosphere and incubate in a 56°C-oven 


overnight. 


4. Allow the box to cool at room temp. for 1 h. 


5. Add 100 wl of 100% ethanol into each well and let the plate stand on 
the bench for 1 h. Check for a filamentous DNA precipitate which 
should be visible under low-power magnification. 
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Protocol 11. Continued 


6. Invert the plate carefully to discard its contents and drain on paper 
towel. Most of the DNA should remain attached to the bottom of the 
wells. 


. Wash the wells 3 x with 100 wl of 70% ethanol, discarding each wash 
by carefully inverting the plate. 


. After the last wash, air dry the DNA containing plate on the bench. 
Do not let DNA dry completely as it will be then difficult to dissolve. 


. Prepare the restriction digestion mix. 


. Add 35 pl of the digestion mix into each well and incubate overnight 
at the appropriate temperature in a humidified atmosphere. 


. The next day load the digested DNA samples on agarose gels and 
prepare for Southern hybridization analysis. 


° Adapted from ref. 27 





3.8 Generation of chimaeric mice 


Once targeted ES cell-clones have been identified, chimaeric mice can be 
generated by using one of several methods including injection of ES cells into 
blastocysts; aggregation or co-culture of 8-cell stage embryos with ES cells, 
and injection of ES cells into 8-cell stage embryos. Methods for aggregation 
(28) and co-culture (29) of 8-cell stage embryos with ES cells are relatively 
simple and they do not require the sophisticated equipment used in the micro- 
injection procedures. However, as yet, in many laboratories blastocyst injec- 
tion is preferred over these methods as they seem to require tricky setting up 
procedures. Morula injection has been developed recently (28) as an alterna- 
tive to the blastocyst injection method. In this method 3-6 ES cells are 
injected under the zona pellucida of 8-cell stage embryos and placed adjacent 
to the blastomeres. Initial results obtained with this method have shown 
lower embryo implantation frequencies in comparison to the blastocyst injec- 
tion method. However, the extremely high degree of chimaerism obtained in 
those embryos that finally implant and develop makes the morula injection 
method a good alternative to the blastocyst injection. 

Blastocyst injection is currently the most widely used method for the 
production of germ-line chimaeras using targeted ES cell clones. For ES cell- 
lines which are derived from the 129 strain of mice, C57B1/6 blastocysts are 
commonly used as hosts since they have been shown to produce the best 
yields of germ-line chimaeras (30). 
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Protocol 12. Production of germ-line chimeras by injection of ES 
cells into mouse blastocysts 


Equipment and reagents 


ES medium (see Section 3.2.2) 


Hepes buffered ES medium (ES medium 
containing 20 mM Hepes) 


e Trypsin-EDTA solution (1:250 Trypsin, 0.2 


g/litre EDTA, prepared in Modified Puck's 
saline, Gibco-BRL) 

PBS w/o Ca?* and Mg2* 

1 ml syringes with 25-gauge needles 

Glass Pasteur pipettes 

Tissue culture dishes (35- and 60-mm) 
Borosilicate glass capillaries, thin-wall w/o 
inner filament (Intracel Ltd) 

Micrometer head, 0-25 mm, 0.0005 mm 
(Mitutoyo Co., available from Pillar En- 
gineering Supplies Ltd) 

Microforge (Micro Instruments Ltd) 
Anaesthetic (Hypnorm/Hypnovel/ddH,0 
mix 1:1:6) 

C57Bl/6 adult males and females 

F, (C57BI/6 x CBA) adult females and 
vasectomized males 


A. Setting up matings 


Sterile dissecting instruments, incl. blunt 
forceps 


Wound clips 
Stereo microscope 
Phase-contrast optics, 200 x magnification 


Microdrop cultures overlaid with paraffin 
oil (Protocol 7) 


37°C, 5% CO. incubator 
Holding pipette (Section 2.4.2) 
Injection needle (See Protocol 12C steps 
2—4) 

Pipette puller 

Silicon rubber sheet 

Sharp scalpel blades 

Tygon tubing 

Glass syringe 

Gelatinized Petri dishes 
Centrifuge 

Ethanol 


Day 0: Set up matings between C57B1/6 males and females. For better 
mating efficiencies females in oestrus may be selected by examin- 
ing for the appearance of a pink and swollen vagina. 


Day 1: 


Day 2: 


Identify females that have mated by checking for copulation plugs 


and place them in a separate cage for later collection of 3.5 d 
blastocysts (day 4). Set up additional matings between F1 (C57BI/6 
x CBA) females and vasectomized males for the production of 


pseudopregnant females. 


Check the F1 females for plugs and place those that have mated 


in a separate cage. They will be used on day 4 (at 2.5 days of 
pseudopregnancy) as recipients for the injected blastocysts. 


. Recovery of blastocysts 


. On day 4, kill by cervical dislocation the C57BI/6 females (collected on day 


1) and dissect out both uterine horns by two incisions; one next to the 
oviduct and a second at the distal-end junction of the two uterine horns. 


. Use a1 ml syringe (25 G needle) filled with Hepes buffered ES medium 


to flush the blastocysts out of the uteri in a 6 cm tissue culture dish. 


. Collect the blastocysts under a stereo microscope using a mouth con- 


trolled heat-drawn Pasteur pipette, wash in ES medium and transfer in 
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Protocol 12. Continued 


micro-drop cultures overlaid with light paraffin oil. Store in a 5% CQ), 
37°C incubator. At this stage, some blastocysts may not be fully ex- 
panded; they will do so later during the day. 


. Preparation of the holding and injection pipettes 


. The holding pipette is essentially the same as the one used for pro- 
nuclear injection (see Section 2.4.2) except that a bend of approximately 
30° is introduced 2-3 mm from its end, using a microforge. 


. The injection needle is used to collect individual ES cells and introduce 
them into the blastocoel cavity. Thin-walled borosilicate capillaries and 
a pipette puller are used to produce needles that have a relatively long 
section at the appropriate internal diameter, which should be slightly 
larger than the ES cells (18—20 pm). 


. Place the pulled needle on a transparent silicon rubber sheet under a 
stereo-microscope and using a sharp scalpel blade, snap it at the 
region of the appropriate diameter to create a sharp bevelled point. 


. Use the microforge to introduce a bend of approximately 30° close to 
the end of the injection needle, taking care to keep the bevel facing to 
the side. 


. Setting up the injection chamber 


. The microscopes and micromanipulators described for pro-nuclear in- 
jections (see Section 2.1) are also suitable for blastocyst injections. 
Blastocyst injections are performed on a lid of a 3.5 cm tissue culture 
dish semi-filled with Hepes-buffered ES cell-medium and overlaid with 
light paraffin oil. Lids of Petri dishes are conveniently shallow to allow 
free movements of the holding and injection pipettes. 


. The holding pipette is set as for pro-nuclear injections (see Sections 
2.4.2 and 2.6). The injection needle is filled with light paraffin oil and 
connected through a tygon tubing with a glass syringe controlled by a 
sensitive micrometer head. 


. The holding and injection pipettes are lowered in the injection dish and 
appropriate adjustments are made to position their ends parallel to the 
bottom of the dish. 


. Preparation of ES cells for blastocyst injections 


. 3-4 h before harvesting, feed a subconfluent ES cell-containing dish 
(35- or 60-mm) with fresh ES medium. 


. Wash the plate twice with PBS, add Trypsin-EDTA solution and place 
it back in the incubator for 4—5 min. 
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. Add 3—4 ml of ES medium and pipette vigorously to dissociate colonies 
into a single cell suspension. Plate the suspension on a gelatinized dish 
and transfer into the incubator. 


. 1 h later feeder cells attach strongly on the surface of the gelatinized 
dish while most of the viable ES cells only begin to adhere. Carefully, 
aspirate and discard the medium containing the non-adherent (non- 
viable) cells. Add 5 ml of ES medium to the dish and suspend the 
loosely adhering ES cells by pipetting. 


. Centrifuge the suspension for 5 min at 200 g and resuspend the cell pellet 
in 1—2 ml ES medium which has been pre-cooled at 8°C. Transfer a few pl 
into the injection dish and store the rest of the suspension at 8°C. 


. Blastocyst injection 


1. Transfer 10—20 blastocysts into the injection dish. 


. Collect 10—15 ES cells in the injection needle using phase contrast 
optics at 200 x magnification. Select the round cells that have a light 
yellow colour. Cells that appear dark are dead or dying. 


. Use the holding pipette to pick up a blastocyst and focus on an appro- 
priate point for injection. These are usually points of intercellular junc- 
tions between adjacent trophectoderm cells. 


. Bring the point of entry and the injection needle into the same focal 
plane. Push the needle into the blastocoel cavity with a steady smooth 
movement. Too slow movement may result in blastocyst collapse 
making impossible further penetration of the needle and injection. 


. Release 10—15 ES cells by carefully applying positive pressure. After 
injection the blastocyst is seen to collapse. 

. After having injected all the blastocysts, place them back in the incuba- 
tor. One hour later they will start to re-expand and injected cells will 
be observed in the blastocoel, some of them being attached to the 
inner cell mass. 


. Transferring blastocysts into the uteri of pseudopregnant females 


. Anaesthetize the recipient female by intraperitoneal injection of 0.3 ml 
of Hypnorm/Hypnovel/ddH 20 mix (10). 

. Swab the back of the mouse with ethanol and make a small mid-line 
incision in the skin at approximately the level of the last rib. Locate 
the position of the ovary indicated by a pink structure seen through 
the body wall. 

. Make a small incision through the body wall and use blunt forceps to 
grasp and gently pull out the fat pad which is attached to the ovary 
exposing the uterus. 
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Protocol 12. Continued 


4. Using a 25-gauge needle, make a hole in. the uterus close to the 
oviduct end. 


5. Using a finely drawn Pasteur pipette transfer 6—7 blastocysts into the 
uterus through the hole created by the needle. 


6. Gently push back the uterus into the peritoneal cavity and continue 
with the opposite uterine horn. 


7. When the operation is completed, staple together the edges of the 
skin where the incision was made using one or two wound clips. 


8. Keep the operated females warm until they have recovered from the 
anaesthesia. They should give birth 17—18 days later. 


9. Identify chimaeric newborns at around 7 days after birth by the pres- 
ence of the agouti coat colour (derived from the ES cells) on the black 
(C57BI/6) background. Since ES cell lines with a male karyotype are 
more often used, a distortion of sex rate (towards males) should be 
expected in chimaeric mice. 


10. Cross male chimaeras with C57BI/6 females to obtain ES cell-derived 
progeny (Agouti coat colour). Germ-line transmission of the targeted 
allele which is expected in 50% of the Agouti progeny, is confirmed 
by DNA analysis of mouse tail fragments. 


11. Cross-mice heterozygous for the targeted allele to obtain homo- 
zygous knockout mice. 


4. Transgenic and knockout mice in cytokine 
research 


Transgenic and knockout systems offer clear advantages over cellular systems 
in the analysis of the functional potency of factors participating in complex 
multicellular processes. This is especially true when pleiotropic and redundant 
activities of factors are studied. For example, fine analysis of cytokine func- 
tioning in the immune system necessitates the use of experimental settings 
where faithful measurement of in vivo reactivities, due to the presence or 
absence of a certain cytokine, may be easily performed. 

Over-expressing or knocking out cytokine and cytokine receptor genes in 
transgenic mice is currently providing much insight into the contribution of 
these factors to the maintenance of homeostasis or the triggering of disease 
in the course of immune responses. Further understanding of cytokine func- 
tioning should come mainly through studies addressing susceptibility or resist- 
ance of such ‘mutant’ mice to infectious or genetic disease. Current advances 
in the ‘genetic engineering of the mouse’ including the tissue specific activation 
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Figure 5. Injection of ES cells into the blastocoel cavity of a mouse blastocyst. (A) The 
blastocyst is immobilized on the holding pipette and the needle containing the ES cells 
is brought into focus, (B) ES cells are expelled in the blastocoel cavity, (C) the Blastocyst 
is starting to collapse after the ES cells have been injected. 


or inactivation of gene expression combined with developing technologies for 
switching gene expression on and off at will, should provide experimental 
settings unprecedented in their potential to offer answers to long-standing 
questions or to even inspire questions currently unthought of. 
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Development of antibodies to 
cytokines 


S. POOLE 


1. Introduction 


Antibodies to cytokines can greatly facilitate research on many aspects of 
these mediators: including the development of specific and sensitive immuno- 
assays (see Chapter 22); the detection of cytokines in biological fluids, tissues, 
and cells using immunochemical and immunocytochemical techniques; 
immunoneutralization of biological activities, and delineation of external 
regions (epitopes) of the cytokines. 


2. Choice of immunogen 


Recombinant cytokines are generally used although purified ‘natural’ cyto- 
kines, conjugates of cytokines to carrier proteins, synthesized peptides with 
amino acid sequences corresponding to selected portions of cytokine 
sequences, and enzymatic digests of cytokines, may be used. 


2.1 Recombinant cytokines 


These offer advantages in that it is possible to prepare them in large quantities 
and with low levels of contaminating proteins. A disadvantage for glyco- 
sylated cytokines is that non-glycosylated analogues are synthesized in 
Escherichia coli and glycosylation patterns in yeast and in Chinese hamster 
ovary (CHO) cells may be different from those of the ‘natural’ cytokine. 
Also, the extraction procedures may result in inappropriate folding of these 
molecules. 


2.2 Purified ‘natural’ cytokines 

‘Natural’ cytokines, e.g. ones prepared from cell-conditioned media, require 
similar purification procedures to recombinant proteins but they are more 
likely to be contaminated with other polypeptides/proteins. 


S. Poole 


2.3 Conjugates of cytokines 


Where there is a high degree of homology between a human cytokine and 
the equivalent cytokine in the species to be immunized, immunogenicity may 
be enhanced by conjugating the cytokine to a protein carrier. The choice of 
proteins for conjugation and coupling methods will be discussed below in 
relation to small (synthesized) peptide homologues of cytokines. As far as 
conjugates of the cytokines themselves are concerned, the author has found 
that conjugates of recombinant human interleukin-la (IL-la), [L-18, rat IL- 
18 and murine IL-18, when injected into rabbits and guinea-pigs, were less 
effective than the unconjugated cytokines, at generating high titre, high 
affinity antisera. 


2.4 Small peptide homologues 


These are often used when the amino acid sequence of a cytokine is known 
but where only limited amounts of pure antigen are available. Also, use of 
peptide homologues avoids the circular logic that sometimes arises when 
characterizing antisera with the same antigens to which they were raised, e.g. 
a partially purified preparation of a cytokine. A major disadvantage of anti- 
peptide antibodies is that their affinities for the relevant cytokine (i.e. native 
molecule) is generally much lower than their affinities for the peptides. This 
renders the anti-peptide antibodies generated of little use in developing 
sensitive immunoassays for the cytokine although useful for immunochemical/ 
immunohistochemical procedures and for epitope mapping studies. Indeed, 
the capacity of an anti-peptide antibody to immuno-precipitate a cytokine in 
a liquid-phase assay is the only test that unambiguously defines external sites 
on the native molecule. 

Peptides with molecular weights of less than 2000-3000 are not usually 
immunogenic but specific antibodies against these low molecular-weight 
immunogens can be produced by conjugation to high molecular-weight pro- 
teins or other carriers. A chemical group rendered immunogenic in this way 
is known as a hapten and the process of coupling it to a larger protein is 
known as haptenization. Small peptide homologues of cytokines used as 
immunogens usually comprise 15-20 amino acid residues and therefore need 
to be haptenized to generate useful antibodies. 

A wide variety of high molecular-weight substances have been used suc- 
cessfully for haptenization of peptides. These include bovine thyroglobulin 
(BTG), bovine serum albumin, ovalbumin (OVA), keyhole limpet haemo- 
cyanin (KLH), and purified protein derivative of tuberculin (PPD). PPD 
offers several advantages—at least in theory (1). PPD elicits delayed-type 
hypersensitivity reactions in animals (and in humans) previously exposed to 
the tubercle bacillus. Thus, animals previously immunized with Bacillus 
Calmette-Guérin (BCG) are injected subsequently with the peptide-PPD 


328 


19: Development of antibodies to cytokines 


conjugate. PPD provides T cell help and gives rise to virtually no antibody 
response in itself: this is particularly useful if it is intended to go on to make 
monoclonal antibodies, where the presence of significant anticonjugate anti- 
bodies are undesirable. The author has found little to choose between the 
proteins given above although most workers have their favourites. The choice 
of coupling reagent is more significant. 

A number of chemical procedures have been developed for conjugating 
peptides to proteins. All depend upon the use of cross-linking reagents which 
are of two basic types: (a) homobifunctional cross-linkers, which have the 
same functional group at either end and couple via the same amino acid side- 
chains in peptide and protein; and (b) heterobifunctional cross-linkers, which 
couple via two different side-chains. 


2.4.1 Homobifunctional cross-linkers 


The most widely used (and easy to use) cross-linker is glutaraldehyde 
(Pentane-1,5 dial). The reaction is complex, involving many different side 
chains and produces a heterogeneous, uncharacterized conjugate. With 
shorter peptides glutaraldehyde will almost invariably couple via the n- 
terminal amino group which may be a disadvantage, e.g. if the n-terminal 
amino acids comprise part of an epitope. 


Protocol 1. Coupling peptides to KLH with glutaraldehyde 


Equipment and reagents 


e Keyhole limpet haemocyanin (KLH) e DMSO 

e 0.01 M NaOH e PBS 

e 0.5 M sodium bicarbonate e 1 M Tris-HCI, pH 8.5 
e Peptide 


Method 

1. Dissolve 5 mg KLH in 1.0 ml 0.01 M NaOH and then add 1.0 ml 0.5 M 
sodium bicarbonate. 

2. Dissolve 250 wg peptide in 25 wl DMSO. 


3. Mix 100 wl KLH solution with 10 ul peptide solution and, while stirring, 
add 2.5% glutaraldehyde dropwise over 1 h to a final concentration of 
0.1% 


4. After stirring for further 4 h in the dark, add 0.25 ml PBS + 25 pl 1.0 M 
Tris/HCl, pH 8.5. Store the conjugate at —40°C. 





When a peptide contains a tyrosine group, either as part of the naturally 
occurring sequence or added during synthesis, a more specific reagent, bis- 
diazotolidine (BDT), may be used to couple together tyrosine side chains of 
the peptide and protein. 
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Protocol 2. Coupling peptides to OVA with BDT 


Equipment and reagents 


e o-toluidine e Bis-diazo-toluidine 
e 0.2 M HCI e Dialysis membrane 
e Sodium nitrite (NaNO) e 0.9% NaCl 

e Ovalbumin 5 mg/ml in borate saline, pH 9.0 e Cold acetone 

e Peptide e Centrifuge 


Method 


1. Dissolve 0.23 g o-toluidine in 45 ml 0.2 M HCI and place on ice. Dissolve 
0.175 g sodium nitrite (NaNO%z) in 5 ml water. 


. Add the NaNO, solution to the O-tolidine drop-wise, over 5—10 min 
with constant stirring, ensuring that the mixture remains cold. The 
colour of the solution changes from clear to yellow, to orange-red and 
back to yellow. 


. Dissolve OVA at 5 mg/ml in borate saline at pH 9.0. 
4. Dissolve 5.0 mg peptide in 2.5 ml of the solution of OVA. 


. Briskly add drop-wise, 1.0 ml freshly prepared bis-diazotolidine (which 
is unstable). 


. Incubate for 4 h in the dark, and then remove any excess reagents by 
dialysis or de-salting. (Uncoupled peptide is lost through the dialysis 
membrane.) Before immunization dialyse conjugate into 0.9% NaCl or 
precipitate with 4 vol. of cold acetone (—70°C), pellet at 10000 g, air- 
dry, and redisperse in 0.9% NaCl. Store the conjugate at —40°C. 





2.4.2 Heterobifunctional cross-linkers 


The water soluble carbodiimides (e.g. 1-ethyl-3-(3-dimethyl aminopropyl- 
carbodiimide) couple amino groups to carboxyl groups, and thus form hetero- 
geneous conjugates. 


Protocol 3. Conjugation of peptides to BTG with carbodiimide 


Equipment and reagents 


e Peptide e Sephadex G-50, 6 x 100 mm, column (Phar- 
e 0.1 M sodium bicarbonate macia) 

e Bovine thyroglobulin (BTG) e Column buffer: 0.01 M sodium bicarbonate 
e 0.5 M glycine containing 0.9% NaCl 

Method 


1. Dissolve 0.5 mg peptide in 0.5 ml 0.1 M sodium bicarbonate and add 
| to BTG, 1.0 mg in 0.5 ml 0.1 M sodium bicarbonate. | 
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2. Add 1 mg carbodiimide and incubate the mixture for 1 h in the dark at 
20°C. 


3. Add glycine (0.5 M, 20 ul) to quench unreacted groups and de-salt the 
conjugate on a Sephadex G-50 column (6 x 100 mm) using 0.01 M 


sodium bicarbonate containing 0.9% NaCl as column buffer. Store the 
conjugate at —40°C. 





When a peptide contains a cysteine residue, either as part of the naturally 
occurring sequence or added during synthesis, the hetero-bifunctional re- 
agent m-maleimidobenzoic acid N-hydroxy succinimide (MBS) ester may be 
used to couple sulphydryl to amino groups. 


Protocol 4. Coupling peptides to KLH with MBS 


Equipment and reagents 


e Dialysis membrane e 3 mg/ml MBS stock in dimethyl formamide 
e Keyhole limpet haemocyanin (KLH) e 20 mi P30 column (Bio-Rad) 

e 10 mM potassium phosphate buffer, pH 7.2 e 50 mM phosphate buffer, pH 6.0 

e Peptide 


Method 


1. Dialyse KLH against 10 mM potassium phosphate buffer pH 7.2. Adjust 
KLH concentration to about 20 mg/ml. 


2. Ideally, freshly weighed-out peptide should be used. If using stock 
solution of peptide (e.g in PBS), it may be necessary to reduce the 
peptide before use. Otherwise, dissolve peptide at 5 mg/ml in 
10 mM phosphate buffer. 4 mg of KLH is required for every 5 mg of 
peptide. 

3. Add 55 ul of 10 mM phosphate buffer to each 4 mg KLH solution. 


4. Slowly add 85 wl MBS stock at 3 mg/ml in dimethyl formamide to each 
4 mg KLH. Stir for 30 min at room temperature. 


5. De-salt activated KLH on a 20 ml P30 column. Pre-equilibrate and run 
column in 50 mM phosphate buffer, pH 6.0. Collect 1 ml fractions 
(typically about 15). Protein elutes as a visible grey peak at the ex- 
clusion volume (fractions 6—8). About 95% of KLH is recovered. 


6. Add activated KLH to peptide solution while stirring at room tempera- 
ture. Adjust pH to 7.4 and stir at room temperature for 3 h. Store the 
conjugate at —40°C. 


331 


S. Poole 


2.5 Enzymatic digests of cytokines 


Purified fragments of cytokines offer advantages and disadvantages similar to 
those of small peptide homologues. Small fragments, i.e. <3000 kDa, will 
require haptenization. 


3. Choice of animal 


Where large quantities of antibodies are required, e.g. for commercial purposes 
or to provide reference reagents, hybridoma technology has made possible 
the production of monoclonal antibodies with predefined binding character- 
istics, which can be produced in large amounts from immortal cell lines. 
Another advantage of monoclonal antibodies is that they can be raised 
against impure immunogens provided that pure material is available for 
screening. However, monoclonal antibodies to cytokines often are not 
neutralizing and (like monoclonal antibodies to most antigens) have lower 
affinities than polyclonal antibodies to the same antigens. Polyclonal anti- 
bodies also may be obtained in quantity from large animals such as sheep, 
goats, donkeys, and horses. 

Where very large volumes of antiserum are not required, rabbits are the 
first choice provided that sequence homology between the rabbit and human 
cytokine is not too great. Guinea-pigs usually will be the second choice, al- 
though they produce less antiserum and are more difficult to bleed than rabbits. 

Whichever of these small species is chosen, it is recommended that several 
individuals are immunized since individual variation in response can be 
marked. Groups of at least three, but preferably more rabbits or guinea-pigs 
should be used. The sex of the animals is not critical, young animals of either 
sex can be used. 


4. The adjuvant 


A wide variety of substances potentiate the humoral antibody response to 
injected immunogen. These include inorganic adsorbents, e.g. aluminium 
hydroxide, mineral oils, such as liquid paraffin, and bacterial cell-wall com- 
ponents. This diversity of materials having adjuvant properties makes it 
difficult to identify a simple mechanism of action. The most important 
advance in adjuvant technology was the development by Freund and co- 
workers of adjuvants containing mycobacteria, mineral oil, and emulsifier 
(2). The simple oil-detergent mixtures are termed Freund’s ‘incomplete’ 
adjuvant (FIA); incorporation of heat-killed Mycobacterium tuberculosis or 
M. butyricum (0.5 mg/ml) into the oily mixture yields Freund’s ‘complete’ 
adjuvant (FCA). The latter is more effective, probably as a result of greater 
stimulation of the local cellular response. For the immunization schedules 
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described below FCA is used for the primary immunization and FIA for all 
boosts. 

For maximum efficiency, it is necessary to prepare a stable, water-in-oil 
emulsion. This can be achieved in a number of ways, but the simplest is by 
using the double-hub connector method described in detail by Hurn and 
Chantler (3). One vol. of aqueous immunogen is emulsified in 2—4 vol. of 
oily adjuvant. 


5. Immunization schedules 


The protocols described below have proved successful although scientists in 
the UK may be required to modify certain of these to comply with ‘Home 
Office guidelines on antibody production: advice on protocols for minimum 
severity’. This will depend upon the procedures permitted under Project 
Licences and Personal Licences held under the Animals (Scientific Pro- 
cedures) Act 1986. Consequently scientists in the UK are advised to discuss 
immunization protocols with their Home Office Inspectors before com- 
mencing immunizations. Similarly, scientists in other countries should ensure 
that immunization protocols are consistent with local legislation before com- 
mencing work of this nature. 


5.1 Mice 


A variety of protocols have proved successful. A protocol which yielded 
monoclonal antibodies to IL-la using Balb/C mice (4) is given below. 


Protocol 5. Generation of monoclonal antibodies to IL-1a 


Equipment and reagents 


e Balb/C mice e PBS 

o jL-a i e Syringes and needles 
e Freund’s complete adjuvant (FCA) e Blood-clotting tubes 
e Freund’s incomplete adjuvant (FIA) 


Method 


1. Emulsify IL-1a (25 pg in 0.25 mi PBS) in FCA (0.75 ml) and inject 
subcutaneously (s.c.) into three sites on day 1. 


. On days 30 and 60 after the primary immunization, emulsify 10 pg IL- 
1a (in 0.1 mf PBS) in FIA (0.2 ml) and inject intraperitoneally (IP). 


. On day 150 inject the mice IV with 10 wg IL-1a in PBS (0.3 ml). On day 
153 remove spleens for fusion. A detailed protocol for production of 
monoclonal antibodies is given elsewhere (5). 
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Immunogen Materials bound in SPRBA by antisera to the immunogens 





It-1 
«195-212 


140 -153 6 140-153 IL-1 


œ 164-182 ~r a 164-182 | 
h œ195-212 li-1@ 


IL-1 


B156 -174 6156-174 


IL-18 


8225-243 


6187-204 rr B187-204 | : 
= 6225-243 IL-1 


dilutions [1072 1072 
of 10-3 1073 
antisera 1074 1074 
T n > la a ea ee ee 
103 5x103 104 10% 5x103 104 
cpm / well 


Figure 1. Materials bound by rabbit antisera to IL-1a and IL-18 related peptide immuno- 
gens in a solid phase radiobinding assay (SPBA). There was no detectable binding of any 
of the antisera to irrelevant peptides/proteins. Sera from rabbits immunized with IL-18 
121—134/KLH/BDT did not bind IL-18 121—134 or IL-16. 


5.2 Rabbits 


The multiple intradermal method using Dutch rabbits has worked well for rh 
IL-la, rh IL-18, IL-6, and a variety of IL-18 related peptides (see Figure 1). 


Protocol 6. Raising rabbit antisera 





Equipment and reagents 


e Dutch rabbits e FCA 
e Razor e FIA 
e Cytokine or related peptide e Syringes and needles 
e PBS e Blood-collecting tubes 
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Method 


1. Shave the hair on the back and on the proximal parts of all four limbs. 
Emulsify cytokine or related peptide, about 70 pg (in 0.5 ml PBS), in 
1.5 ml FCA for the primary immunization. 


2. Make intradermal injections, spaced evenly over the back (24 x 0.05 ml) 
and the rest of the shaved area (16 x 0.05 ml). 


3. Boost animals by the intramuscular (IM) route, 10 weeks after the 
primary immunization and at intervals of 4-8 weeks thereafter. For 
boosts, emulsify about 50 wg cytokine in 0.25 ml PBS in 0.75 ml FIA 
and inject 0.5 ml of emulsion IM into each hind limb or into each fore 
limb, alternately. Bleeds (20—30 ml) may be taken 8—10 weeks after the 
primary immunization and 8-11 days after each boost. Variations of 
this protocol have also proved successful (6, 7). 





5.3 Guinea-pigs 

Although guinea-pigs have responded well to a number of proteins poorly 
immunogenic in other species, e.g. insulin and parathyroid hormone, the 
author has not found guinea-pigs to be good responders to human IL-18 
related peptides nor to rat and mouse IL-18 (possibly because of good 
sequence homology between rat/mouse IL-18 and guinea-pig IL-18). 


Protocol 7. Raising guinea-pig antisera 


Equipment and reagents 


e Guinea-pigs e FIA 

e Cytokine e Syringes and needles 
e PBS e Blood-collecting tubes 
e FCA 


Method 


1. For the primary immunization emulsify about 50 pg of cytokine (in 
0.25 ml PBS) in 0.75 ml FCA and inject sc (4 sites) into the abdominal 
wall just on either side of the mid-line. 


. Boost animals with about 50 pg cytokine in FIA by the intramuscular 
route, 4 weeks after the primary immunization and at intervals of 4—8 
weeks thereafter. 


. Animals may be bled by cardiac puncture, which yields only 3—5 ml of 
serum, about 8—10 days after each boost. However, because of the low 
yield of serum and the risk of killing the animals when bleeding by 
cardiac puncture, it is less practicable to bleed guinea-pigs repeatedly 
than it is to bleed rabbits. Therefore it is best to immunize a relatively 
large number of animals for a comparatively long period of time, then 
bleed them out and select the best antisera. 
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An intramuscular schedule has worked well for a wide range of cytokines, 
including interleukins (8), interferons, and colony-stimulating factors. 





Protocol 8. Raising sheep and goat antisera 


Equipment and reagents 


e Sheep or goat e PBS 

e Cytokine e Syringes and needles 
e FCA e Blood-collecting tubes 
e FIA 

Method 


1. For the primary immunization emulsify about 500 wg of cytokine (in 
0.5 ml PBS) in 1.5 ml FCA. Inject 0.5 ml of emulsion intramuscularly, 
deeply into the haunches and shoulders. 


2. Boosts of about 200 wg cytokine emulsified in FIA are also by the 
intramuscular route, either into the haunches or shoulders at intervals 
after the primary immunization of 1 month, 1 month, 2 months, and 
4—6 months. 


3. Collect bleeds on a regular schedule throughout the tmmunization. The 
highest titres occur usually around 10 days after a boost. Depending 
on the size of the animal, two or three bleeds of 300-600 ml may be 
taken in the period between one and two weeks after a boost. 


6. Screening 


Antibodies may be evaluated in a variety of ways depending upon their 
intended use. Neutralizing activities usually are assessed in specific in vitro 
bioassays (see Chapter 21). Suitability for use in immunoassays or for delinea- 
tion of external regions of molecules usually is assessed in solid-phase or 
liquid-phase binding assays (SPBA and LPBA). SPBAs, which are the basis 
of the IRMA and ELISA procedures described in Chapter 21 have been 
described in detail elsewhere (6, 9). Cytokines and related peptides are used 
at about 10 pg/ml. Incubation steps comprise 1 h at +37°C and 21 h at +4°C 
using ['*I]labelled or biotinylated ‘second’ antibody, i.e. one raised against 
the immunoglobulin of the species in which the anti-cytokine antibodies were 
raised. 

LPBAs are the basis of the RIAs described in Chapter 21. A procedure 
used to quantify the antigen-binding activity of polyclonal antiserum or ascitic 
fluid is described in Protocol 9. 
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Protocol 9. Liquid phase binding assay 


Equipment and reagents 


e LP3 test tubes e Bovine gammaglobulin 
e PBS, pH 7.4 e Tris-HCl powder 

e BSA e Deionized distilled water 
e Antiserum e Vortex mixer 

e ['*i]labelled cytokine e Centrifuge 

e Polyethylene glycol 6000 (PEG) e Gamma counter 
Method 


1. Using LP3 test-tubes, to 300 wl PBS, pH 7.4, containing 0.5% BSA add 
100 wl of antiserum at 1/100—1/10 0000 final dilution. 


2. Add 100 wl (10000 c.p.m.) ['7?l]labelled cytokine and incubate the 
mixture at room temp. for 20 h (labelling methodologies are described 
in Chapter 21). 


3. Separate bound from free ['*°l]cytokine using a polyethyleneglycol 
(PEG)-assisted second antibody procedure. Dissolve 25 g PEG 6000, 
150 mg bovine gamma-globulin and 0.788 g Tris-HCI in 100 ml de- 
ionized distilled water and add 500 wl of this solution to each tube, 
vortex the mixture and incubate for 1 h at room temp. 


4. Centrifuge the tubes at 1000 g for 30 min and aspirate and discard the 
supernatant. Quantify the radioactivity in the precipitate in a gamma- 
counter. 


7. Purification of antibodies 


Depending upon their intended use, anticytokine sera and monoclonal anti- 
bodies in ascitic fluid may be used without purification, e.g. for RIA pro- 
cedures. However, for many immunochemical procedures, e.g. radiolabelling 
or enzyme conjugation for use in immunoassays, it is usually necessary to 
carry out some type of chromatographic technique, e.g. ion-exchange, gel 
filtration, or affinity chromatography. Mouse and rat immunoglobulins are 
generally less stable than those of higher mammals and can prove more 
difficult to purify and successfully fragment. Detailed methods for purification 
of immunoglobulin and murine monoclonal antibodies are described else- 
where (10, 11). 
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Visualizing the production of 
cytokines and their receptors by 
single human cells 


C. E. LEWIS and A. CAMPBELL 


1. Introduction 


In recent years, fundamental problems have emerged in the analysis of 
cytokine production. Aspects of cytokine biology such as their overlapping 
biological effects, association with carrier proteins and soluble receptors, 
competition with inhibitors, rapid induction, transient storage, and ability to 
bind to surface sites on producer cells, have meant that considerable care 
must be taken in the selection of appropriate and meaningful techniques for 
their accurate detection. 

Cytokines are not produced in isolation but usually together with enzymes, 
hormones, inhibitors and other cytokines/cytokine receptors. This has lead 
to problems of specificity in the use of bioassays to quantify their release, and 
subsequently to the development of other strategies for the study of cytokine 
production. One such approach has been to employ various immunostaining 
techniques in order both to highlight intracellular production of cytokines and 
to identify the immunophenotype of producer cells. However, definitive 
studies correlating the synthesis and intracellular storage of cytokines with 
their subsequent release have yet to be performed. With this in mind, atten- 
tion has focused mainly on the measurement of the secreted product by radio- 
and enzyme-linked immunoassays which quantify the accumulated level of 
cytokine released into culture supernatant by entire cell populations (see 
Chapter 21). 

More recently, this technology has been extended to visualize cytokine 
release by individual cells. This has yielded important information about the 
frequency of cytokine-producing cells in a population at any one time. In 
some instances, these sensitive immunoassays have also been adapted to: 
(i) measure the amount of cytokine released per cell; and/or (ii) identify 
producer cells. A further advantage of their application has been to demon- 
strate marked differences in cytokine secretion by cells of the same phenotype. 


C. E. Lewis and A. Campbell 





Figure 1. Photomicrographs to illustrate three immunohistochemical procedures for 
labelling cytokines/cytokine receptors in human tissue sections. The APPAP method was 
used to label TNF-a receptors, p55 (A) and p75 (B) in cryostat sections of breast carcino- 
mas (immunoreactive cells are stained red)*. The streptavidin—biotin-peroxidase method 
was used to label TGF-f in colonic crypt epithelial cells in paraffin-embedded inflamed 
bowel tissue (C) (immunoreactive cells are stained brown). TGF-B staining was completely 
abolished when the antibody was pre-absorbed overnight with excess TGF-B (D). The 
streptavidin—biotin-alkaline phosphatase method was used to label VEGF,¢5 in paraffin- 
embedded breast carcinomas (following protease digestion). Red immunoreactivity can 
be seen in tumour cell islands (E) and on endothelial cells lining blood vessels (F). Nuclei 
were counterstained blue with haematoxylin. Magnification bars = 50 wm. * Reproduced 
from Pusztai et al. (3) with the kind permission of the British Journal of Cancer. 
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This review outlines various methods currently available for immunolabelling 
cytokines (and their receptors) in human tissue sections. In addition, two 
sensitive assays for the measurement of their release at the single-cell level 
are described; the reverse haemolytic plaque assay and a modification of the 
ELISA assay, now commonly known as Elispots. 


2. Immunolocalization of cytokines 


We recently outlined a variety of methods for the immunolocalization of 
cytokines in cytospins of human cells (1). In the present chapter, we describe 
two widely used methods for labelling cytokines and their receptors in frozen 
and paraffin-embedded human tissue sections. 


2.1 Alkaline phosphatase anti-alkaline phosphatase 
(APAAP) method 


This technique involves the immunoenzymatic labelling of primary mono- 
clonal or polyclonal antibodies using an immune complex of alkaline phos- 
phatase and monoclonal anti-alkaline phosphatase (2) (see Figure la and b). 
This technique has been used to immunolocalize TNF-a and its receptors, 
p55 and p75 (3), PDECGF (4), and EGF receptors (5). 

The protocol outlined below for the APA AP method is for immunolocaliza- 
tion in cryostat sections. For routinely processed, paraffin-embedded tissue 
sections, steps 1-3 should be replaced by steps 1 and 2 of Protocol 2. 


Protocol 1. APAAP method 


Equipment and reagents 


e Liquid nitrogen 

e Cryotome 

e Silane- or polylysine-coated slides 

e Acetone 

e Tris-buffered saline: 0.05 M Tris, pH 7.6, 
0.15 M NaCl 

e Human Fc fragments, 20 pg/ml in TBS 

e 10% normal human AB serum (NHS), fil- 
tered and heat-inactivated for 1 h at 56°C 

e Antibody raised against the purified, native, 
or recombinant cytokine 


e See step 10: 1/50 mouse anti-rabbit IgG in 
TBS/10% NHS and/or 1/50 rabbit anti- 
mouse IgG in TBS/10% NHS 


Methods 


1/50 APAAP complex in TBS 
Fast Red substrate solution 
Fast Red TR salt 

Naphthol AS-MX phosphate 
N,N-dimethyl formamide 
Glass tubes 

0.1 M Tris buffer, pH 8.2 

1 M levamisole 

Light microscope 
Aqueous-based mounting medium (e.g. 
Kaiser’s mounting medium) 
e Double-distilled water 

e Haematoxylin 


1. Snap freeze tissue using liquid nitrogen. 
2. Cut 8 wm sections and mount on silane or polylysine coated slides. 
3. Fix sections in acetone at —20°C for 10 min. 
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Protocol 1. Continued 
4. Directly immerse slides in Tris-buffered saline (TBS; 0.05 M Tris, pH 


5: 


~ 


10. 


11. 
12. 
13. 


14. 


7.6, 0.15 M NaCl) for 5—10 min. 

Incubate slides in 20 pg/ml human Fc fragments (if these are not 
available go straight to step 7) in TBS for 30 min to block endoge- 
nous Fc receptors. 


. Rinse slides twice in TBS for 2 min each. 
. Incubate in 10% normal human AB serum in TBS for 45 min. 
. Tap off serum and incubate slides for 1—4 h at room temp., and then 


16-24 h at 4°C in the optimal concentration of antibody raised 
against the purified, native, or recombinant cytokine. (This is usually 
in the range, 1/50 to 1/5000, although this will vary with different 
antibodies. 

Check this with preliminary titrations for each antibody.) 


. Rinse slides twice in TBS for 2 min each. (Wash between all remain- 


ing steps in this way.) 

(a) If primary antibody was raised in rabbit, apply 1/50 mouse anti- 
rabbit IgG in TBS/10% NHS for 60 min, followed by 1/50 rabbit 
anti-mouse in TBS/10% NHS for 30 min. 

(b) If primary antibody was raised in mouse, apply 1/50 rabbit anti- 
mouse alone in TBS/10% NHS for 30 min. 

Incubate slides in 1/50 APAAP complex in TBS for 30 min. 

Repeat steps 8 and 9, but incubating for a maximum of 10 min each. 

Incubate slides with Fast Red substrate solution for 10—30 min at 

room temp., after which immunoreactive cells will be red in colour. 

This is done as follows: 

(a) Dissolve 2 mg naphthol AS-MX phosphate in 0.2 ml N,N- 
dimethyl formamide in a glass tube. 

(b) Add 9.8 ml 0.1 M Tris-buffer (pH 8.2). 

(c) Add 0.01 ml 1 M levamisole to block endogenous alkaline phos- 
phatase. (NB. If a given tissue expresses high levels of endoge- 
nous phosphatase this step may not be fully effective. In this 
case the method outlined in Protocol 2 may be more suitable.) 

(d) Immediately before staining, dissolve 10 mg Fast Red TR salt in 
the above solution and filter. 

(e) Incubate for 5-60 min (monitor colour development using a light 
microscope). 

(f) Rinse with double-distilled water. 


Counterstain nuclei (blue) with haematoxylin for 10—30 sec and rinse 
in tap water for 1 min. Mount preparations in an aqueous-based 
medium (such as Kaiser’s mounting medium). 
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2.2 Streptavidin—biotin (AB) method 


This technique employs a ‘high sensitivity’ detection system based on the high 
affinity interaction between streptavidin and biotin. This has now become 
widely incorporated into various forms of immunocytochemistry, ELISA, 
immunoblotting and in situ hybridization. Briefly, it involves the use of a 
biotinylated second antibody to detect the primary antibody (which can be 
monoclonal or polyclonal) bound to specific sites on the tissue section, and a 
streptavidin—peroxidase complex. Alternatively, a complex of streptavidin- 
alkaline phosphatase can be used as the third detection step. 

The AB method has been used to detect numerous cytokines and their 
receptors in tissue sections including VEGF (4), TGF’s-a and -B (6), IL-8 
and MCP-1 (7), EGF (8), and bFGF (9). 

The following two protocols outline the peroxidase and alkaline phosphatase 
versions of the AB method, as used for the immuno localization of TGF-B 
(Figure Ic and d) and VEGF 65 (Figure le and f) respectively in routinely 
processed, paraffin-embedded tissue sections. When using cryostat tissue 
sections, replace steps 1 and 2 below with steps 1-3 of Protocol 1 and reduce 
the incubation time for the primary antibody to 60-120 min. 


Protocol 2. AB-peroxidase method 


Equipment and reagents 


Paraffin-embedded tissue sections e 37°C humidity chamber 

Microtome e TBT: TBS containing 3% BSA and 0.05% 
Glass slides Triton X-100 

De-wax with xylene e Biotinylated swine or goat anti-rabbit, or 


rabbit anti-chicken or goat IgG 
e Peroxidase-conjugated streptavidin 
e Dried skimmed milk (e.g. Marvel) 
e Diaminobenzodine (0.5 mg/ml TBS) 


Graded alcohol series 
3% hydrogen peroxidase in methanol 
0.03% hydrogen peroxide 


TBS buffer 
10% heat-inactivated normal human AB ® Haematoxylin 
serum e DPX mountant 


polyclonal anti-human cytokine (e.g. 
chicken—anti-TGF-8; R & D Systems) 


Method 
1. Cut 5 um sections, mount on glass slides and dewax. 
2. Rehydrate sections in a series of graded alcohols. 


3. Immerse the slides in a solution of 3% hydrogen peroxidase in metha- 
no! for 10 min (this blocks endogenous peroxidase activity in the 
tissue sections). 

4. Wash slides in TBS for 10 min. 

5. Incubate sections in 10% heat-inactivated norma! human AB serum 
for 30 min (this blocks non-specific protein binding sites). 
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Protocol 2. Continued 


6. 


13. 


Incubate sections in polyclonal (rabbit, chicken or goat usually) anti- 
human cytokine (e.g. chicken anti-TGF- 8; R and D Systems), diluted 
in TBS to 1/20 to 1/1000 (i.e. the optimal ‘working dilution’ varies 
between diferent antibodies and for different tissues). This can be 
done overnight at 4°C or for 1-3 h at room temp. or 37°C (in a 
humidity chamber). | 


. Wash slides twice in TBS (5 min per wash) and once in TBT for 10 


min. (TBT is TBS containing 3% bovine serum albumin and 0.05% 
Triton X-100.) 


. Incubate sections with biotinylated swine or goat anti-rabbit, or rabbit 


anti-chicken or goat IgG diluted to 1/200 in TBT for 30 min. 


. Repeat step 7. 


. Incubate sections in peroxidase conjugated streptavidin diluted to 1/ 


50 in TBS plus 0.5% (w/v) dried skimmed milk (e.g. ‘Marvel’) for 30 min. 


. Wash sections three times in TBS. 


. Incubate sections with diaminobenzidine (0.5 mg/ml TBS) in the pres- 


ence of 0.03% hydrogen peroxide for 10 min. NB. The end product is 
visible as a brown colour reaction (see Figure 1c). 


Wash slides in running tap water and lightly counterstain the sections 
with haematoxylin. Dehydrate in alcohol, clear in xylene and mount 
in DPX. 


Protocol 3. AB-alkaline phosphatase method 


Equipment and reagents 


Paraffin-embedded tissue sections e Polyclonal goat anti-human cytokine (e.g. 
Microtome goat anti-human VEGFi¢6s5; R & D Systems) 
Glass slides e 37°C humidity chamber 
Xylene e Biotinylated rabbit anti-goat IgG 

e Graded series of alcohol e Alkaline phosphatase-conjugated _ strept- 


e TBS buffer avidin 
e 10% milk proteins (e.g. Marvel)/10% nor- ° Fast Red substrate solution (see Protocol 1) 


mal rabbit serum in TBS 


Method 





. Cut 5 um sections, mount on glass slides and dewax. 
. Rehydrate sections in a series of graded alcohols. 


. Incubate sections in 10% milk proteins (e.g. ‘Marvel’)/10% normal 


rabbit serum in TBS for 60 min (this blocks non-specific protein bind- 
ing sites). 
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4. Incubate sections in polyclonal goat anti-human cytokine (e.g. goat 
anti-human VEGFigs; R & D Systems), diluted in TBS to 1/20 to 1/500 
(i.e. the optimal ‘working dilution’ varies between diferent antibodies 
and for different tissues). Affinity-purified antibodies should always 
be used where possible as this reduces background staining. This 
incubation can be done overnight at 4°C or for 1-3 h at room temp. 
or 37°C (in a humidity chamber). 


5. Wash slides twice in TBS (5 min per wash). 


6. Incubate sections with biotinylated rabbit anti-goat IgG diluted to 
1/600 in TBS for 30 min. 


7. Repeat step 5. 


8. Incubate sections in alkaline phosphatase-conjugated streptavidin 
diluted to 1/200 in TBS for 30 min. 


9. Repeat step 5. 


10. Incubate sections in Fast Red substrate solution for 10—30 min at 
room temp., as described in step 13 of Protocol 1. Immunoreactive 
cells are red in colour. 


General points 

Care must be taken to control for non-specific reactions in the above im- 
munostaining procedures. Controls must be included to ascertain whether the 
primary and secondary antibodies are specific for their target antigens. This 
can be done by replacing the cytokine antibody with either diluent alone or 
preimmune serum (or the IgG fraction of pre-immune serum, whichever is 
more appropriate) of the same species as the donor of the antibody. Alterna- 
tively, an inappropriate antibody (i.e. of irrelevant specificity) can be used. 
Care should be taken to substitute control preparations at the same protein 
concentrations as that of the antibody applied. It is also recommended that 
antibodies and their control solutions be of comparable age, and thus contain 
similar quantities of protein aggregates, since the presence of such contami- 
nants may contribute to non-specific staining. To ensure the removal of 
protein aggregates, all antibody and control preparations should be spun 
down at 14000 r.p.m. for 10 min at their final working concentrations, and 
the supernatants used in the staining procedure. If possible, abolition of 
staining by pre-absorption of the primary antibody with either a highly 
purified preparation of the native form of the cytokine, or its recombinant 
analogue (50-1000 ug/ml for 24 h at 4°C) prior to use in these procedures is 
the ideal way of checking the specificity of the staining achieved (see Figure 
1d). In addition, the specificity of secondary and/or tertiary antibodies in the 
above techniques can be checked by their omission and substitution by the 
appropriate buffer. 
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Some cytokines, such as FGF, VEGF, TGF-B, are known to bind to com- 
ponents of the extracellular matrix. This may lead to non-cellular components 
in tissue sections being labelled in the immunohistochemistry protocols out- 
lined above. This pattern of staining should not be confused with the more 
general, non-specific, background staining obtained with some antibodies in 
these procedures (particularly if the early protein blocking step is missing 
or inadequate). The former but not the latter staining pattern should be 
abolished when the antibody is pre-absorbed with the appropriate antigen. 

In some instances, a process called ‘antigen retrieval’ may prove necessary 
to unmask hitherto concealed antigens (or simply to enhance their immuno- 
reactivity) in paraffin-embedded tissue sections (10)). This involves micro- 
waving or protease-digesting tissue sections prior to the first immunodetection 
step in Protocols I and 2 (usually a protein blocking agent followed by 
exposure to the primary antibody). 


Protocol 4. Antigen retrieval for paraffin-embedded tissue 
sections 


Equipment and reagents 


e Silane-coated slides e Microwave oven 
e Xylene e TBS buffer 
e Graded series of alcohols e PBS 
e Glass slide rack and glass trough e Protease type 24 
e 0.01 M sodium citrate in double-distilled e DDW 

water (DDW) 


A. Microwaving tissue sections 
1. Mount wax sections on silane coated slides. 
2. De-wax and rehydrate sections. 


3. Place slides in a glass slide rack in a glass trough containing 0.01 M 
sodium citrate in doubled-distilled water (DDW). Boil in the microwave 
for 4 min on full power. 


4. Top up with fresh sodium citrate and boil again for 4 min in the 
microwave. 


5. Let slides cool down to room temp., wash in TBS and procede with 
step 4 onwards of Protocols 7 or 2. 


. Proteinase digestion of tissue sections 
. De-wax and rehydrate sections as usual. 
. Incubate slides in a trough of DDW at 37°C for 10 min. 


. Incubate slides in 200 ml of PBS containing 25 mg protease type 24 at 
37°C for 20 min. 


WO N = Ww 
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4. Incubate slides in DDW at room temp. for 30 min. 


5. Procede with Protocols 1 or 2. 





3. Detection of cytokine release by individual 
cells 


3.1 Reverse haemolytic plaque assay (RHPA) 


This is a variant of the plaque assay established by Jerne et al. (11) to detect 
and enumerate immunoglobulin-secreting B cells, which has been adapted to 
detect antigen secretion (12). Recent studies have indicated the lower level 
of sensitivity of this immunoassay to be 107'® M of secreted product. Secre- 
tory cells in a purified or heterogenous cell population form plaques (zones 
of haemolysis around secretory cells) when incubated in a monolayer with 
protein A-coated ovine erythrocytes in the presence of a specific antiserum 
and complement. Since the size of plaques is directly proportional to the 
amount of product secreted per cell (13, 14), this technique can be used to 
measure the amount secreted by single cells, as well as to provide an estimate 
of the frequency of cytokine-secreting cells in a given population. Producer 
cells can then be identified by routine immunocytochemistry of cells in the 
monolayer (1, 15). In cytokine biology, the RHPA has recently been adapted 
to enumerate murine T cells secreting IFN-y (16), and to quantify the release 
of various cytokines by human blood and tumour-infiltrating leukocytes 
(17, 18). Moreover, we have recently used this technique to visualize the 
release of soluble TNF-a receptors by macrophages and malignant cells from 
breast carcinomas (Waterworth, Leek and Lewis, unpublished observations). 





Protocol 5. Reverse haemolytic plaque assay 


Equipment and reagents 


e 8 ml sheep erythrocytes (in Alsevers solu- e 0.05 mg/ml poly-t-lysine in DDW 
tion) e Cunningham chambers 
e 0.9% NaCl e Double-sided sticky tape 
e Ficoll-Hypaque e 22 mm? coverslips 
e Centrifuge and tubes e PrA-sRBC from A 
e Glass Pasteur pipettes e Test cells (final density of 1-10 x 10° cells/ 
e Protein A (PrA from Staphylococcus aureus ml) 


diluted to 0.5 mg/ml in 0.9% NaCl) 

0.2 mg/ml chromium chloride hexadrate 
Aluminium foil 

Dulbecco’s modified essential medium 
(DMEM) supplemented with 0.1% BSA and 
penicillin/streptomycin 


Humidity chambers 

37°C, 5% CO, incubator 

Absorbent paper 

Light microscope 

Polyclonal anti-cytokine 

RPMI 1640 medium supplemented with 


e Acid alcohol 0.1% BSA/antibiotics 
e DDW e 1/50 Guinea-pig complement 
e 1% DMSO e Trypan blue 
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Protocol 5. Continued 


e Fixative (e.g. 2% glutaraldehyde in phos- e 1/50 rabbit anti-mouse IgG 

phate buffer or cold 50% methanol/50%  & 1/50 APAAP in TBS 

acetone) e Fast Red substrate solution (Protocol 1) 
e TBS buffer e Haematoxylin 


e Monoclonal antibody (e.g. anti-CD3 for ə Aqueous-based mountant medium 


human T cells) diluted in TBS/0.05% dried 
milk solids 


A. Conjugation of protein A to red blood cells 


1. 


Dilute two 4 ml aliquots of sheep erythrocytes (SRBC; supplied in 
Alsevers solution. Do not store for longer than 2 weeks at 4°C before 
use) 1:1 with a solution of 0.9% NaCl. Any sheep leukocytes present 
in this preparation are removed by layering each 8 ml of diluted sheep 
blood over 4 ml aliquots of Ficoll-Hypaque in a centrifuge tube. Spin 
these tubes at 444 g for 25 min. 


. Discard the supernatant from each gradient and harvest the sRBC pellet 


at the base of each tube. Wash each pellet several times by repeated 
suspension with a glass pipette in 0.9% NaCl solution and centrifuga- 
tion at 444 g for 5—10 min. 


. Dilute each 1 ml pellet of SRBC in 5 ml of 0.9% NaCl and add 1 ml of 


0.5 mg/ml protein A and 5 ml of 0.2 mg/ml chromium chloride hexa- 
hydrate (CrCl3). This solution of CrClz must be made up and stored at 
4°C for at least 1 week before use in the conjugation procedure. It can 
be stored at 4°C, wrapped in foil, and used repeatedly for up to 6 
months. Gently resuspend the sRBC pellet in this solution using a glass 
pipette and incubate tubes at 30°C for 1 h. 


. Harvest each 1 ml of PrA-conjugated sRBC (PrA-sRBC) by centrifugation 


at 300 g for 6 min and wash several times by repeated suspension and 
centrifugation steps in either 0.9% NaCl (first wash) or DMEM supple- 
mented with 0.1% BSA and penicillin-streptomycin (for subsequent 
washes). If considerable lysis of the cells is visible after the first centrifu- 
gation, or if the pellet does not resuspend readily in 0.9% NaCl, discard 
the preparation and repeat procedure using a different batch of sRBC. 


. Resuspend and store PrA-sRBC in 100 ml of DMEM [i.e. as a 2% 


solution (v/v)] supplemented with 0.1% BSA and antibiotics, for a 
maximum of 3 weeks at 4°C. The best monolayers in the RHPA are 
achieved using cells conjugated 1—5 days before use in the assay. 


. Reverse haemolytic plaque assay (see Figures 2 and 3) 


. Clean glass slides by immersion in acid alcohol for 5 min, followed by 


several rinses in double-distilled water, and then immersion in 1% 
DMSO for 5 min. Wash slides several times in double-distilled water 
and then leave to air-dry in a clean environment. 
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2. Coat slides with poly-L-lysine (0.05 mg/ml in double-distilled water) for 
10 min. Rinse several times in double-distilled water and air-dry at 
room temp. or with a warm air current. (Do not heat the coated slides 
above 40°C during drying.) 


3. Construct Cunningham chambers in the following way. Attach two 
pieces of double-sided sticky tape, separated by a distance of 15-20 mm, 
to each dry, polylysine-coated slide. Then lower a 22 mm? coverslip on 
to the slide, so that it forms the roof of the chamber, by attaching to 
the edge of each strip of tape. The position of the coverslip is secured 
by pressing gently down on it so that it adheres to the tape on both 
sides of the chamber. 


4. For a 10-slide assay, spin down 10 ml of 2% (v/v) suspension of PrA- 
1 sRBC at 300 g for 5—10 min, and decant and discard all but 0.5 ml of 
the supernatant. Resuspend pellet of PrA-sRBC in this supernatant, to 
yield a 40% solution (v/v). 


5. Add test cells (at a final working cell density of 1-10 x 10~® cells/ml) 
to PrA-sRBC at a 1:1 ratio (v/v). For example, 0.5 ml of test cells are 
added to 0.5 ml of 40% PrA-sRBC [thereby yielding a final, working 
dilution of 20% PrA-sRBC (v/v)]. Mix gently but thoroughly and apply 
100 pl of this cell suspension to the entrance of each Cunningham 
chamber. This will fill the chamber by capillary action, leaving a small 
amount at the entrance. Slides are then placed into humidity chambers 
and incubated at 37°C in 5% CO,/air for 35—45 min. During this period, 
the PrA-sRBC and human cells settle down on to the slides to create a 
monolayer. (Do not leave the slides for longer than 45 min at this stage 
as multilayers will form which impede plaque formation.) 


6. Remove excess unattached cells from the chambers at the end of this 
period by four rapid washes with warm (37°C) incubation medium 
(RPMI 1640, supplemented with 0.1% BSA and antibiotics). This is 
achieved by placing 50 ul of medium at one entrance to the chamber 
and drawing it through with absorbent paper applied gently to the 
other side. Using a light microscope, inspect the appearance of the 
cells remaining in the chamber to check their confluency. 


7. Infuse polyclonal anti-cytokine at 1/50 to 1/100 in RPMI 1640/0.1% 
BSA/antibiotics into the chambers as 3 x 30 pl washes. After the final 
infusion of antibody, leave a small amount at one entrance to the 
chamber to avoid excessive drying out of the cells during the sub- 
sequent incubation period (i.e. a final volume of 90—100 wl of antibody 
is needed per slide). Incubate the slides in clean humidity chambers at 
37°C in 5% COQ,/air for up to 12 h. 


8. At the end of this period, infuse a solution of 1/50 guinea-pig com- 
plement in warm (37°C) incubation medium into the chambers as 3 X 
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Protocol 5. Continued 


C: 


1. 


oa suon 


30 pl washes and incubate in 5% CO,/air for 20—30 min. Complement- 
mediated erythrocyte lysis will occur during this period around 
cytokine-secreting cells. Cell viability can be checked at this stage (i.e. 
prior to step 9), using the Trypan blue exclusion test. (NB It is advisable 
to do this step in the absence of such serum proteins as BSA.) 


. Infuse fixative into the chambers (e.g. 2% glutaraldehyde in phosphate 


buffer or cold 50% methanol/50% acetone. These fixatives do not 
cause lysis of the red cells in the monolayer), followed by TBS. The 
slides can then be stored at 4°C until measurement of individual plaque 
size and/or number (this can be done using a simple image analysis 
device). 


Immunophenotyping of cells in the RHPA 

After infusion of fixative into chambers, immerse slides in TBS and 
remove coverslips forming the roof of each chamber, and the double- 
sided sticky tape. 


. Rinse monolayers with TBS for 5 min. 
. Incubate slides in the appropriate monoclonal antibody for a given 


human or murine cell-marker (e.g. anti-CD3 for human T cells), diluted 
1/10 to 1/200 in TBS/0.05% dried milk solids for 2—4 h at room temp. 


. Wash slides three times in TBS (do not wash too vigorously as this 


can dislodge cells). 


. Incubate in 1/50 rabbit anti-mouse IgG in TBS for 30 min at room temp. 
. Repeat step 4. 

. Incubate slides in 1/50 APAAP in TBS for 30 min at room temp. 

. Repeat step 4. 

. Repeat steps 5 and 7, but for only 10 min each. 

. Add Fast Red substrate (see step 13 of Protocol 1) for 5-60 min at 


room temp., after which immunoreactive cells will appear red in colour. 

The nuclei of stained and unstained cells are then lightly counterstained 

with haematoxylin and the monolayers mounted in an aqueous-based 

medium. 

Control experiments to assess the dependency of plaque formation on 

the secretion of a specific cytokine by cells in the RHPA should include: 

(i) substitution of the polyclonal anti-cytokine with an equivalent 
concentration of either an inappropriate antibody, or whole (or if 
more appropriate, the purified IgG fraction) non-immune serum 
from the same species as the donor animal; 

(ii) pre-absorption of the polyclonal antibody with the appropriate 
recombinant or native, purified form of cytokine for 24 h at 4°C. 


350 


20: Visualizing the production of cytokines 


Test cells PrA-sRBC 
(Cunningham 
chambers) 


37°C, 30-45 min 
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anti-cytokine 
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Wash, add complement 
20-30 min at 37°C 


Add Fixative 
(image analysis) 


In situ hybridization Electron 
(DNA and mRNA) microscopy 


Immunophenotype 
cells 


Figure 2. Protocol for the reverse haemolytic plaque assay. 


3.2 Elispot assay 


This technique is based on the ELISA-spot assay for the detection of indi- 
vidual antibody-secreting B cells (18). In the reverse form of this assay 
outlined below, single cells are incubated on a solid surface pre-coated with 
a specific cytokine antibody, which then binds cytokine secreted during the 
assay. The cells are washed away and the bound cytokine detected by routine 
immunocytochemical methods using a second monoclonal antibody which 
recognizes a different epitope on the cytokine molecule (see Figure 4). 

A number of studies have described the application of the Elispot assay to 
detect and enumerate: 


e human lymphocytes secreting IFN-y (19) 

e human T and monocytic cell-lines producing IFN-y and TNF-a (20) 

e human cells from kidney allografts secreting IFN-y, IL-6, and IL-10 (21) 
e murine T cells secreting IFN-y and TNF-a (22) 

e murine splenic T cells secreting IL-5 and IFN-y (23). 
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Protocol 6. Elispot assay 


Equipment and reagents 


24-well tissue culture plates e Test cells 


Specific cytokine antibody e RPMI 1640 supplemented with 5 M L- 
e Polyclonal rabbit or monoclonal mouse glutamine, 5 x 10°” M 2-mercaptoethanol, 


anti-cytokine antibiotics, and 10% FCS 

Alkaline phosphatase-conjugated goat anti- © 37°C, 5% CO2, humidified incubator 

rabbit IgG e Enzyme substrate: 1 mg/ml S-bromo-4- 

PBS chloro-3-indoly! phosphate in 2-amino-2- 
e PBS containing 1% BSA/0.5% Tween, or methyl-1-propanol buffer in 6% agarose 

5% FCS, or 5% dried milk e Dissecting microscope 

PBS/0.5% Tween 





Method 


1. Coat 24 well tissue-culture plates with 500 wl of the optimal dilution 
(1/200 to 1/5000) of monoclonal or polyclonal anti-human cytokine or 
hamster anti-mouse cytokine in PBS at 4°C for 16—24 h. 96-well tissue 


352 


20: Visualizing the production of cytokines 


culture plates can also be used with the appropriate reduction in 
coating solution (50—100 wl). 


2. Wash plates twice with PBS for 5 min each. 


3. Block non-specific protein-binding sites with PBS containing either 
1% BSA/0.5% Tween, or 5% fetal calf serum (FCS), or 5% dried milk 
for 1h at room temp. All subsequent antibodies are diluted in one of 
these protein solutions. 


4. Aliquot test cells at a density of 10* cells/100 wl/well in the supple- 
mented RPMI 1640 medium. Incubate for 2—24 h at 37°C in a humid 
atmosphere of 5% CO; in air. The optimal length of this incubation 
period for good spot formation will vary for different cell types and 
their level of cytokine-secreting activity. 


5. Remove cells from plates by repeated washing with cold PBS/0.5% 
Tween. 


6. Add 500 pl of the optimal concentration of the appropriate polyclonal 
rabbit or monoclonal mouse anti-cytokine (likely to be in the range of 
1/100 to 1/5000) and incubate for 1—2 h at 37°C. (NB Sterile conditions 
must be employed up to and including this step.) 


7. Wash plates three times with PBS to remove unbound antibody. 


8. Add 500 pl of 1/1000 to 1/5000 alkaline phosphatase-conjugated goat 
anti-rabbit IgG to wells for 1—2 h at 37°C. 


9. Wash plates twice with PBS for 5 min each. 


10. Add enzyme substrate (15). After 5-10 min this mixture will solidify 
(do not move the plates during this time). After 3-5 min at 37°C, blue 
spots will appear. The number of cytokine secreting cells can then be 
estimated, using a dissecting microscope with the plates viewed 
against a white background. 


Controls for the Elispot assay are essentially those described for the 
immunohistochemical methods in Protocols 1, 2 and 3. 


4. Discussion 


Over the past few years increasing use has been made of immunohistochemical 
methods to investigate the in situ production of cytokines and their receptors 
in human tissues. The two protocols for this outlined here are the most 
commonly used in this context. It should be noted, however, that such an 
approach is not without drawbacks. The absence of immunostaining may 
be due to the absence of cytokine/cytokine expression, but also the sub- 
threshold expression of cytokine/cytokine receptor and/or the masking of the 
epitope (for example, if the cytokine/cytokine receptor is bound to other 
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Figure 4. Protocol for the Elispot assay. 


proteins within the cell). Moreover, positive staining may indicate the uptake 
rather than the synthesis of cytokine/cytokine receptors by cells. For these 
reasons, the above methods are now usually combined with in situ hybridiza- 
tion or in situ PCR to demonstrate and correlate the production of both the 
mRNA and the corresponding protein for cytokines/cytokine receptors in 
tissue sections. 

Although the two single-cell cytokine release assays outlined in this chapter 
have the advantage of increased sensitivity as compared to conventional bulk 
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release assays (e.g. ELISA), a number of salient points should be noted 
concerning their general applications and interpretation. First, by definition, 
producer cells in such single-cell techniques secrete their products in isolation 
from their normal intercellular contacts and communication. Thus, the possi- 
bility exists that these assays may yield artefactual results when the cells used 
are from tissue dispersants rather than body fluids (where it could be argued 
that most cells normally exist as single, unattached cells). Second, there is 
considerable debate at present concerning the use of such techniques which 
detect the antigenic, but not necessarily biologically active, form of cytokine. 
However, bioassays are equally limited in as much as they are not always 
specific for a given cytokine, and when two or more cytokines are present 
synergistic or antagonistic interactions can also produce confusing data. 

In summary, each of the techniques outlined in this chapter has both its 
advantages and its limitations. With this in mind, it may be advisable to use 
several different forms of cytokine detection in tandem, rather than consider 
them as alternatives. 
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1. Introduction 


Cytokines have often been discovered in complex mixtures by observing their 
effect on a biological system. This usually becomes the definitive property (or 
one of several properties) of the cytokine and can become the basis for its 
bioassay. 

Cytokine bioassays are based on various biological effects such as cell 
proliferation, cytotoxic/cytostatic activity, kinetic effects, antiviral activity, 
colony formation, or induction of secretion of other cytokine/non cytokine 
molecules (1). 

Bioassays can use primary cultures of cells obtained from animals or more 
conveniently, continuous cytokine-dependent or autonomous cell-lines. Bio- 
logical assays are rarely entirely specific for a particular cytokine and can 
respond to a number of cytokines and other molecules (e.g. thymocyte assay; 
assays based on acute myeloid leukemic cell-lines, Table 1). In these assays, 
specificity for a particular cytokine can be established by using a monospecific 
neutralizing antibody and this approach is crucial for confirming the presence 
of cytokines in many biological (and particularly clinical) samples. In some 
cases, bioassays may underestimate cytokine protein content of a biological 
sample due to the presence of inhibitory molecules, e.g. binding proteins, 
soluble receptors, receptor antagonists, or inhibitory cytokines such as TGF-B 
(1, 2-4). It is also possible that bioassays may overestimate cytokine content 
of a sample due to synergistic interactions between individual cytokines in 
the sample (1). 


1.1 Bioassays compared with immunoassays and 

receptor binding assays 
It seems to be impossible to distinguish between different molecular species 
of some cytokines by using bioassays. The classic example of this is IL-la and 
8, which although very different structurally, seem to possess apparently 
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identical biological properties, at least on homologous cells. In such instances, 
immunoassays can be used to specifically quantify the different molecular 
forms on a protein basis (5). Immunoassays can in all cases be used as an 
alternative to bioassays although they can detect denatured biologically inactive 
cytokine molecules and fragments as well as ‘inactive’ receptor—cytokine 
complexes (1). Immunoassays need to be very carefully validated to eliminate 
non-specific artefacts, particularly if they are used for assaying clinical samples 
(1,5, 6). Receptor binding assays are often regarded as a compromise between 
bioassays and immunoassays as they are based on the ability of cytokine 
molecules to bind to natural receptors. However, these assays may produce 
results which do not correlate with bioassay data if some ligand molecules are 
unable to induce signal transduction following binding to receptor. 


2. Biological assays for interleukins 


2.1 Bioassay of interleukin-2 (IL-2) 


The original bioassays for IL-2 used short-term lectin-induced T cell blasts 
but these respond to other cytokines and some non-cytokine molecules. IL-2 
can be measured by its proliferative effect on IL-2 dependent cell lines such 
as HT-2 and CTLL clones. The assay based on the CTLL-2 murine T cell- 
line provides a reliable and easy method which responds to IL-2 from most 
mammalian species.* 


2.1.1 Maintenance of CTLL cell-line 


Culture CTLL cells in RPMI 1640 medium containing 10% fetal calf serum 
(FCS) supplemented with partially purified rat splenocyte conditioned 
medium (or recombinant IL-2) in upright 25 cm? flasks. Maintain the cultures 
using a 3-day feeding schedule. Seed the cells at approximately 2 x 10* cells/ 
ml and feed with 1-5% purified conditioned medium (7); this corresponds to 
a concentration of approximately 15-20 international units (IU/ml) IL-2. 
After 3 days when the cell density is approximately 2 x 10° cells/ml, cultures 
are split to 2 x 10* cells/ml and refed with IL-2. 


Protocol 1. Bioassay of IL-2 using CTLL cell-line 


Equipment and regents 


e CTLL cell culture (Section 2.1.1) e Test samples 

e RPMI 1640 medium e 96-well microtitre plates 

e RPMI 1640 medium containing 10% FCS e 37°C, 5% CO, humidified incubator 

e Centrifuge (MSE-benchtop) e (SH]thymidine (25 Ci/m Mol, 5 mCi/5 mls) 
e Trypan blue e Filter mats 

e IL-2 standard (see Section 6 and Table 3) e Liquid scintillation counter system 


* CTLL-2 cells also respond to murine interleukin-4 (mIL-4); a neutralizing antibody to 
murine IL-4, e.g. 11B11 (available from Biological Response Modifiers Program) can be used to 
discriminate between mouse IL-2 and IL-4 in these assays. 
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Method 


1. Wash CTLL cells (3 days after feeding) three times with RPMI 1640 by 
centrifuging the cells at 250 g for 10 min. 


2. Determine viability of the cells, e.g. by Trypan blue dye exclusion? and 
resuspend cells to a final concentration of 1 x 10° cells/ml in RPMI 
1640 medium containing 10% FCS. 


3. Titrate the IL-2 standard (see Section 6 and Table 3) in triplicate in 96- 
well microtitre plates. Start the titration at 40 IU/ml IL-2 and then make 
serial two-fold dilutions down to 0.019 IU/ml IL-2. Prepare dilutions of 
the samples tn triplicate. Include a negative control, i.e. culture medium 
alone. Each well should contain a volume of 50 wl. 


4. Add 50 ul of the cell suspension to each well and incubate the plates 
for 18 h at 37°C in a humidified CO, incubator. 


5. Add 0.5 «Ci of tritiated thymidine to each well and return the plates to 
the incubator for approximately 4 h. 


6. Harvest the contents of each well on to filter mats and determine the 
radioactivity by liquid scintillation counting. 

7. Plot a standard curve of c.p.m. versus concentration of IL-2. For quanti- 
tation of activity in unknown samples, compare test results with stan- 
dard curve (see Section 5). 


“Cells should be > 80% viable. The viability test should be routinely conducted for alt cell lines 
(mentioned in this chapter) prior to assay. A similar method is described in Chapter 11 


2.2 Bioassay of interleukin-1 (IL-1) 

Bioassays for IL-la and B commonly utilize the ability of this cytokine to 
induce IL-2 production by T cell-lines such as EL4.6.1 and LBRM 33, or in 
primary cultures of thymocytes (LAF assay). Alternatively, IL-1 can be 
assayed by measuring its ability to stimulate the proliferation of lines such as 
the subclone D10S of the murine T-helper cell line D10.64.1 (8). A subclone, 
NOB-1, of the murine thymoma line EL4.6.1 provides a simple and sensitive 
bioassay for IL-1 (see Figure 1). This line produces IL-2 in response to both 
human and murine IL-1, which is measured using the CTLL-2 cell-line based 
assay (see Section 2.1). 


2.2.1 Maintenance of EL4/NOB-1 cell-line 


Culture the cells in RPMI 1640 medium containing 5% FCS in upright 
75 cm? flasks and feed every 2 to 3 days. Cultures are split 1:5 to 1:10 when 
the cell density reaches approximately 5 x 10° cells/ml. 
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Protocol 2. Bioassay of IL-1? using EL4/NOB-1 cell line? 


Equipment and reagents 


e EL4/NOB-1 cell culture (Section 2.2.1) e Test samples 
e RPMI 1640 medium containing 5% FCS e Plus equipment and reagents as Protocol 1 
e IL-1 Standard (see Section 6 and Table 3) 


Method 


1. Wash EL4/NOB-1 cells (2 to 3 days after feeding) twice in RPMI 1640 
medium by centrifuging the cells at 250 g for 10 min and determine 
the viability as in step (2) of Protocol 1. 


. Resuspend the cells to a final concentration of 5 x 10° cells/ml in 
RPMI 1640 medium containing 5% FCS. 


. Distribute titrations of an IL-1 standard (see Section 6 and Table 3) in 
triplicate in 96-well microtitration plates. Start the titration of the stan- 
dard at 100 pg/ml IL-1 (10 IU/ml) and make serial two-fold dilutions 
down to 0.09 pg/ml IL-1 (0.009 IU/ml). Make appropriate dilutions of 
the samples to be measured for IL-1 activity (either two-fold or ten- 
fold serial dilutions) in triplicate. The negative control is culture 
medium. Each well should contain a volume of 100 pl at this stage. 


. Add 100 yl of the washed cell suspension to each well and incubate 
the plates for approximately 24 h at 37°C in a humidified CO, incubator. 


. Remove 50 yl of the supernatant from each well and determine the IL- 
2 present using the CTLL-2 bioassay‘ (see Protocol 7). The amount of 
IL-2 in the supernatants will be proportional to the amount of IL-1 In 
the original samples. Supernatants from the EL4/NOB-1 cells can be 
removed and stored frozen until the IL-2 can be conveniently assayed. 


7IL-1a and B have equal sensitivity in this assay. 

>The EL4/NOB-1 cell line also responds to murine TNFa. 

“Since the NOB-1 bioassay uses the CTLL-2 bioassay as a second stage, IL-2 and mIL-4 could 
interfere if present in the samples being tested for IL-1 activity. This can be overcome by pre- 
incubating the samples with the EL4/NOB-1 cell line for 4—5 h followed by thorough washing 
of the cells prior to steps 4 and 5. 





2.3 Bioassay of interleukin-4 (IL-4) 


The classical IL-4 assay involves the promotion of cell division of purified B 
lymphocytes co-stimulated with either anti-immunoglobulin, Staphylococcus 
aureus Cowan strain 1, or phorbol ester. Alternative assays utilize the ability 
of IL-4 to induce proliferation of phytohaemagglutinin (PHA) activated T 
lymphocytes (as in Protocol 3), B cell-lines such as BALM-4, HFB-1 and L4 
(as described in Chapter 10), or certain haemopoietic progenitor cell-lines 
such as TF-1 or MO-7E (see Section 3.1). Recently, a human IL-4 responsive 
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Figure 1. A standard curve for bioassay of human IL-1 using the EL4/NOB-1 and the CTLL- 
2 cell-lines (as described in Protocol 2). 


cell-line has been developed by transfecting a murine CTL line with the 
human IL-4 receptor gene (9). This cell line proliferates in response to human 
IL-4 (see Figure 2); the assay is described in Section 2.3.1. 


Protocol 3. Bioassay of IL-4 using human peripheral blood 


lymphocytes 7? 





Equipment and reagents 


e Fresh human blood e RPMI 1640 medium containing 5% FCS 

e Centrifuge (MSE—benchtop) e RPMI 1640 medium containing 5% FCS and 

e Histopaque (Sigma) or Lymphoprep 1% (v/v) phytohaemagglutinin (PHA; Well- 
(Nyegaard) come reagent grade) 

e RPMI 1640 medium e Upright 25 cm? flasks 
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© 37°C, 5% CO2, humidified incubator e [H]thymidine (see Protocol 1) 

e IL-2 e Filter mats 

e IL-4 standard (Section 6 and Table 3) e Liquid scintillation counting system 
e Test samples 


Method 


1. Isolate peripheral blood lymphocytes (PBL) from freshly drawn human 
blood by centrifugation over a cushion of suitable separation medium, 
e.g. histopaque (Sigma) or lymphoprep (Nyegaard Ltd). 


2. Wash the isolated lymphocytes twice with warm RPMI 1640 medium 
by centrifuging at 400 g for 10 min. 


3. Resuspend the cells at a concentration of 5 x 10° cells/ml in RPMI 1640 
medium containing 5% FCS and 1% (v/v) PHA (Wellcome reagent 
grade). Incubate for 48 h in upright 25 cm? flasks at 37°C in a humidified 
CO, incubator. 


4. Feed the cell suspension with an equal volume of fresh RPMI 1640 
medium containing 5% FCS. Add 20 IU/ml of IL-2 to the cell suspen- 
sion. Incubate for a further 48 h at 37°C in a humidified CO, incubator. 


5. Wash cells twice with RPMI 1640 medium by centrifuging at 250 g for 
10 min. Resuspend the cells to a concentration of 2 x 10° cells/ml in 
RPMI 1640 medium containing 5% FCS and 1% v/v PHA. 


6. Distribute titrations of an IL-4 standard (see Section 6 and Table 3) in 
triplicate in 96-well microtitration plates. Start the titration of the IL-4 
standard at 100 ng/ml (approximately 1000 U/ml) and make serial two- 
fold dilutions down to 0.1 ng/ml (1 U/ml) in 100 ul volumes per well. 
Make appropriate dilutions of the samples to be measured for IL-4 
(usually 2-fold serial dilutions) in triplicate in 100 yl volumes. For a 
negative control, include wells containing culture medium supple- 
mented with 1% v/v PHA but without IL-4. 


7. Add 100 ul of the washed cell suspension to each well and incubate 
the plates for approximately 44 h at 37°C in a humidified CO, incubator. 


8. Follow steps 5 and 6 of Protocol 1. 


9. Plot a standard curve of c.p.m. versus concentration of IL-4. A compari- 
son of test results with the standard curve provides an estimate of the 
activity in unknown samples (see Section 6). 


a PHA stimulated PBLs will respond to IL-2, IL-4 and IL-12 and possibly other cytokines. When 
using peripheral blood lymphocytes for assaying !L-4 some donor to donor variation should 
be expected in the response of the lymphocytes to IL-4. 

b As IL-4 is species restricted in its activity, the source of samples being measured will deter- 
mine which assay is used. Assays using stimulated human B or T lymphocytes will respond 
to human sequence IL-4 whereas murine T cell-lines such as CTLL-2, HT-2 and AC-2 will 
proliferate in response to murine sequence JL-4. A blocking antibody to the murine IL-2 receptor 
(e.g. AMT-13) can be included to make the CTLL-2 line specific for mIL-4. 
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Figure 2. A standard curve for bioassay of human IL-4 using the CT.h4S cell-line (as 
described in Protocol 4). 


2.3.1 Maintenance of CT.h4S cell-line 

Culture the cells in RPMI 1640 medium containing 10% FCS, 2 mM L- 
glutamine, 1 mM sodium pyruvate, 0.05 mM 2-mercaptoethanol and 10 ng/ml 
(approximately 100 U/ml) human IL-4 in 25 cm? flasks. Cultures are split 1:4 
or 1:5 every 2 to 3 days and refed with fresh medium.* Cultures are main- 
tained at 37°C in a humidified CO, incubator. 


* These cells are very sensitive to high pH and diminished 2ME concentrations so using fresh 
medium is important. For splitting cells, use a sterile cell scraper. Do not use trypsin or EDTA. 
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Protocol 4. Bioassay of IL-4 using the CT.h4S cell-line® 


Equipment and reagents 


e CT.h4S cell culture (Section 2.3.1) e Centrifuge (see Protocol 1) 

e IL-4 standard (see Table 3) e Trypan blue 

e 96-well microtitre plates e 37°C, 5% COs, humidified incubator 

e Sterile cell scraper (do not use trypsin or © [°Hithymidine (see Protocol 1) 
EDTA) e Filter mats 

e RPMI 1640 medium e Liquid scintillation counter system 


e Test samples 


Method 


1. 


Distribute titrations of IL-4 in 100 wl volumes in triplicate in 96-well 
microtitre plates. Start the titration at 10 ng/ml (approximately 100 U/ 
ml) and serially dilute two-fold down to 1 pg/ml (0.01 U/ml). Make 
appropriate dilutions of the samples in 100 wl volumes in triplicate. As 
a negative control include medium alone. 


. Scrape cells 2 to 3 days after feeding and count. Wash cells in RPMI 


1640 by centrifuging at 200 g for 10 min. 


. Resuspend cells to a final concentration of 1 x 10° cells/ml. 


. Add 100 ul of the cell suspension to each well and incubate plates for 


approximately 44 h at 37°C in a humidified CO, incubator. 


. Follow steps 5 and 6 of Protocol 1. 


. Plot a standard curve of c.p.m. versus concentration of IL-4. Compare 


test results with the standard curve for estimation of the activity in 
unknown samples (see Section 6). 


a The assay can be adapted to 100 pl total volume of the 200 ul volume used in the Protocol above. 
This cell-line can respond to both murine and human sequence IL-2 and also to murine IL-4. 


2.4 Bioassay for interleukin-5 (IL-5) 


Bioassays for IL-5 utilize the ability of this cytokine to stimulate the forma- 
tion of eosinophil colonies in an agar colony assay or by estimation of 
eosinophil peroxidase (see Chapter 13) (11). Alternatively, IL-5 can be 
assayed by its proliferative effect on the murine B-cell line, BCL-1 which is 
described in Protocol 5. Since BCL-1 cells are approximately 1000-fold less 
sensitive to human IL-5 than murine IL-5, a more practical means of measuring 


human IL-5 is by using the TF-1 cell-line (see Section 3.1). 


2.4.1 Maintenance of BCL-1 line 


This line is maintained in Balb/c mice by intraperitoneal injection of 10’ cells 
per mouse. After approximately 4 weeks, splenic tumours appear and are 
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removed at any time between 1 week after appearance of tumours and the 
death of the animals (6 to 8 weeks after inoculation). Spleen cells from 
tumour bearing mice (between 8 x 10°-10? per mouse) are depleted of T 
cells by treatment with Thy-1.2 and anti-L3T4 monoclonal antibodies plus 
complement. The cells are washed thoroughly and cryopreserved in liquid 
nitrogen (5 x 10’ cells per ampoule), until needed for assay. 





Protocol 5. Bioassay for IL-5 using BCL-1 line? 


Equipment and reagents 


e Fresh or frozen BCL-1 cells (Section 2.4.1) e Test samples 
e IL-5 standard (Section 6 and Table 3) e Plus equipment and reagents as Protocol 1 
Method 


1. Isolate fresh cells or thaw out an ampoule of protein cells. 


2. Wash cells as in step 1 of Protocol 1 and resuspend to a density of 2 
x 10° cells/ml in RPMI 1640 supplemented with 5% FCS. 


3. Distribute a standard preparation of IL-5 (see Section 6 and Table 3) as 
a doubling dilution series in a volume of 50 wl per well in triplicate in 
a 96-well microtitre plate. Make appropriate dilutions of the samples 
in triplicate in 50 wl volumes. For a negative control, add only culture 
medium to the appropriate wells. 


4. Add 50 ul of cell suspension to each well and incubate the plates for 
approximately 44 h at 37°C in a humidified CO, incubator. 


5. Follow steps 5 and 6 of Protocol 7. 


6. Plot a standard curve of c.p.m. versus concentration of IL-5. Estimate 
activity in unknown samples by comparing test results with the stan- 
dard curve (see Section 6). 


? The BCL-1 line also responds to murine IL-4 and GM-CSF. 


2.5 Bioassay for interleukin-6 (IL-6) 


Most bioassays for IL-6 depend upon the proliferative effect of this cytokine 
on IL-6 dependent murine hybridoma cell-lines such as MH60, B9 and 
7TD1. (See also Chapter 10.) Alternatively, IL-6 can be assayed by its 
ability to enhance differentiation and IgG secretion in Epstein-Barr virus 
transformed human lymphoblastoid cell-lines such as CESS (as described in 
Chapter 10). The IL-6 dependent murine hybridoma cell-line B9 provides a 
reliable and sensitive assay for measuring mammalian IL-6. 
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2.5.1 Maintenance of B9 cell-line 


Culture B9 cells in RPMI 1640 medium supplemented with 5% FCS and 
approximately 100 pg/ml (10 IU/ml) of IL-6 (recombinant IL-6 or crude 
supernatant from either IL-1 stimulated fibroblasts or LPS stimulated mono- 
cytes) in 75 cm? flasks. Cultures are split 1:5 to 1:10 every 2 to 3 days and 
refed with IL-6 when the cell density reaches approximately 5 x 10° cells/ 
ml. Cultures are maintained at 37°C in a humidified CO, incubator. 


Protocol 6. Bioassay for IL-6 using B9 cell-line? 


Equipment and reagents 


e B9 cells (Section 2.5.1) e MTT tetrazolium salt (3-(4, 5-dimethyl- 
e Centrifuge (see Protocol 1) thiazol-2-ys)-2, 5-diphenyl tetrazolium bro- 
e IL-6 standard (Section 5 and Table 3) mide) (5 mg/ml in PBS, filter-sterilized, and 


e RPMI 1640 medium with and without 5% stored in the dark) . 
ECS e Acid SDS: 10% (w/v) SDS dissolved in 0.02 


M HCI 


Trypan blue 
oe ae e ELISA reader 


e 96-well microtitre plates 
e 37°C, 5% CO, humidified incubator 


Method 


1. Wash B9 cells (2 days after feeding) as in step 1 of Protocol 1 and 
resuspend to a density of 5 x 10% cells/ml in RPMI 1640 medium 
supplemented with 5% FCS. 


. Distribute an IL-6 standard (see Section 6 and Table 3) as a serial two- 
fold dilution series in triplicate in 100 ul volumes in 96-well microtitra- 
tion plates. Start the titration of the standard at 100 pg/ml (10 IU/ml) 
and dilute down to 0.1 pg/ml (0.01 IU/ml). Make appropriate dilutions 
of the samples to be measured for IL-6 activity in triplicate in 100 wl 
volumes. As a negative control include culture medium alone. 


- Add 100 yl of cell suspension to each well and incubate the plates for 
approximately 72 h? at 37°C in a humidified CO; incubator. 


- To each well add 10 pl of the tetrazolium salt MTT and return the 
plates to the incubator for a further 41% h. 


. Add 25 wl of acid SDS per well. Place the plates at 37°C in a humidified 
CO- incubator overnight and determine the absorbance at a wave- 
length of 620 nm using an Elisa reader. 


. Plot a standard curve of absorbance versus concentration of IL-6. For 
determination of activity in unknown samples, compare test results 
with the standard curve (see Section 6). 


* This cell line also responds to murine IL-4 and human IL-11, IL-13, and oncostatin M. 
P Prolonging the incubation to 96 h is sometimes necessary to enhance the signal to noise ratio 
for this assay. 
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2.6 Bioassay for interleukin-7 (IL-7) 


The IL-7 bioassay employs a murine pre-B cell line (clone 2b cells) which is 


dependent upon exogenous IL-7 for continuous growth and viability (10). 


The proliferation induced by human or murine IL-7 is measured by tritiated 


thymidine incorporation. 


2.6.1 Maintenance of clone 2b cell-line 


Culture clone 2b cells routinely in Iscove’s modified Dulbecco’s medium con- 
taining 5% FCS, 0.05 mM 2-mercaptoethanol, 2 mM L-glutamine, and 20 ng/ 


ml (approximately 2000 U/ml) of recombinant human IL-7 in upright 75 cm? 
flasks. Cultures are split to 2 x 10* cell/ml every 3 days when the cell 
concentration reaches approximately 1-2 x 10° cells/ml. 


Protocol 7. Bioassay for IL-7 using 2b cell-line 


Equipment and reagents 


e 2b cell culture (Section 2.6.1) e 96-well microtitre plates 
e Trypan blue e 37°C, 7.5% O; and 5% COz, humidified in- 
e Iscove’s modified Dulbecco's medium cubator 
(IMDM) e [H]thymidine (see Protocol 1) 
e IMDM containing 5% FCS e Filter mats 
e Centrifuge (see Protocol 7) e Liquid scintillation counter system 


e IL-7 standard (Table 3) 
e Test samples 


Method 


1. 


Wash the cells as in step 1 of Protocol 1 and resuspend to a density 
of 1.25 x 10? cells/ml in medium containing 5% FCS. 


. Distribute the IL-7 standard in a two-fold dilution series in triplicate in 


50 wl volumes in 96-well microtitration plates. Start the titration of the 
standard at 200 pg/ml (approximately 20 U/ml) and dilute down to 
1 pg/ml (0.01 U/ml). Make appropriate dilutions of the samples in 
duplicate in 50 pl volumes. As a negative control include culture 
medium alone. 


. Add 50 ul of the cell suspension to each well and incubate the plates 


for approximately 44 h at 37°C in a humidified incubator containing 
7.5% Oz and 5% CO3. 


. Add 2 Ci of tritiated thymidine to each well and return the plates to 


the incubator for approximately 4 h. 


. Follow step 6 of Protocol 1. 
. Plot a standard curve of c.p.m. versus concentration of IL-7. Estimate ac- 


tivity in unknown samples by comparison with the curve (see Section 6). 
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2.7 Bioassay for interleukin-9 (IL-9) 


This cytokine can be assayed using long term cultured CD4* and CD8* T 
cell-lines and clones, or by its ability to enhance erythroid burst forming 
activity in the presence of erythropoietin. Murine IL-9 can stimulate human 
cells but not vice versa. Alternatively, the MO-7e cell-line proliferates in 
response to IL-9. This assay is described in Protocol 12. 


2.8 Bioassay for interleukin-10 (IL-10) 

IL-10 is commonly assayed by its ability to inhibit IFN-y production by 
activated peripheral blood mononuclear cells, murine Th1 clones (11), or by 
its proliferative effect on the murine mast cell-line MC/9 (12). Human IL-10 
is active on murine cells but the murine counterpart is inactive on human 
cells. 


2.8.1 Maintenance of MC/9 cell-line 


Culture cells in RPMI 1640 containing 10% FCS, 2 mM L-glutamine, 0.05 mM 
2-mercaptoethanol, 1% spleen conditioned medium and 1 ng/ml (approxi- 
mately 100 U/ml) murine GM-CSF in upright 75 cm? flasks. Cultures are split 
1:5 to 1:7 every two to three days. 


Protocol 8. Bioassay for IL-10 using the MC/9 cell-line? 


Equipment and reagents 


e MC/9 culture (Section 2.8.1) e IL-10 standard (Table 3) 

e Centrifuge (see Protocol 1) e Test samples 

e Trypan blue e 96-well microtitre plates 

e RPM! 1640 medium e 37°C, 5% CO, humidified incubator 


e Supplemented RPMI 1640 medium contain- e {H]thymidine (see Protocol! 1) 
ing 10% FCS, 2 mM t-glutamine, 0.05 mM e Filter mats 


2-mercaptoethanol e Liquid scintillation counter system 


Method 


1. Wash MC/9 cells (two to three days after feeding) as in step 1 of 
Protocol 1 and resuspend to a density of 2 x 10° cells/ml in supple- 
mented RPMI 1640 


2. Titrate the IL-10 standard in triplicate in 96-well microtitre plates. Start 
the titration at 100 ng/ml (approximately 500 U/ml) and dilute down in 
a two-fold dilution series to 10 pg/ml (0.05 U/ml) in 10 ul volumes. 
Make appropriate dilutions of the samples in triplicate. For a negative 
control, include culture medium alone. 


3. Add 10 pl of cell suspension to each well and incubate for approximately 
44 h at 37°C in a humidified CO, incubator. 


4. Follow steps 5 and 6 of Protocol 1. 
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5. Plot a standard curve of c.p.m. versus concentration of IL-10. Estimate 
activity in unknown samples by comparing test results with standard 
curve (see Section 6). 


*MC/9 line also responds to human and murine IL-5 and stem cell factor (SCF). 





2.9 Bioassay for interleukin-11 (IL-11) 


IL-11 can be measured by its stimulatory effect on the proliferation of IL-6- 
dependent murine plasmacytoma lines such as T1165 (13). A subclone of this 
cell line, T10, has been developed; the use of this cell line is described in 
Protocol 9. Recently a subclone of the B9 line (see Section 2.5), B9-11 has 
been derived which shows enhanced sensitivity for IL-11 (14). 


2.9.1 Maintenance of T10 cell-line 

Culture the cells in RPMI 1640 medium supplemented with 10% FCS, 2 mM 
L-glutamine, 0.05 mM 2-mercaptoethanol and 5 ng/ml (approximately 50 U/ 
ml) IL-11 in 75 cm? flasks. Cultures are split 1:4 to 1:5 every two or three 
days and re-fed with IL-11. T10 cells are non-adherent but do tend to cling 
to the bottom of the tissue culture flasks. To loosen cells, tap the flask gently. 
Cultures are maintained at 37°C in a humidified CO, incubator. 


Protocol 9. Bioassay for IL-11 using the T10 cell-line? 


Equipment and reagents 


e T10 cell culture (Section 2.9.1) e IL-11 standard (Table 3) 

e centrifuge (see Protocol 1) e Test samples 

e Trypan blue e 37°C, 5% COs, humidified incubator 
e RPMI 1640 medium e [PH]thymidine (see Protocol 1) 


e Supplemented RPMI 1640 medium contain- © Filter mats 
ing 10% FCS, 2 mM L-glutamine, 0.05 mM 


e Liquid scintillation counter system 
2-mercaptoethanol 


Method 


1. Wash T10 cells (two to three days after feeding) as in step 1 of Protocol 
1 and resuspend the cells to a final concentration of 1 x 10° 
cells/ml in supplemented RPMI 1640. 


2. Distribute titrations of IL-11 in 100 wl volume in triplicate in 96-well 
microtitre plates. Start the titration of the standard at 10 ng/ml (approxi- 
mately 100 U/ml) and make serial dilutions down to 10 pg/ml (0.1 U/ml). 
Make appropriate dilutions of the unknown samples in triplicate in 100 
wl volumes. As a negative control include medium alone. 


3. Follow step 4 and 5 of Protocol 4. 
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Protocol 9. Continued 

4. Plot a standard curve of c.p.m. versus concentration of IL-11. Estimate 
activity in unknown samples by comparing test results with standard 
curve (see Section 6). 


*T10 cells respond to human and murine IL-11 and IL-6. 





2.10 Bioassay for interleukin-12 (IL-12) 


IL-12 can be measured by its effect on proliferation of PHA activated human 
lymphoblasts (15). Alternatively, it can be assayed using the IL-2-dependent 
human T cell leukaemic line, KIT225/K6-C (16). The murine protein is active 
on human cells but not vice versa. 


2.10.1 Maintenance of KIT225/K6-C cell-line 


Culture the cells in RPMI 1640 medium supplemented with 10% FCS, 2 mM 
L-glutamine, 0.05 mM 2-mercaptoethanol and 50 IU/ml IL-2 in 75 cm? 
upright flasks. Cultures are split 1:6 to 1:10 every two to three days and refed 
with IL-2. Cultures are maintained at 37°C in a humidified CO, incubator. 


Protocol 10. Bioassay for IL-12 using the KIT225/K6-C cell-line 


Equipment and reagents 


e KIT225/K6-C cell culture (Section 2.10.1) e IL-12 standard 

e Centrifuge (see Protocol 1) ə 96-well microtitre plates 

e Trypan blue e Test samples 

e RPMI 1640 medium e 37°C, 5% CO, humidified incubator 


e Supplemented RPMI 1640 containing 10% e [H]thymidine (Protocol 1) 
FCS, 2 mM t-glutamine, 0.05 mM 2-mer- — ¢ Filter mats 
captoethanol, 10 ng/ml (approx. 100 U/ml) 


e Liquid scintillation counter system 
rhiL-4 y 


Method 


1. Wash KIT225/K6-C cells (two to three days after feeding) as in step 1 
of Protocol 1 and resuspend the cells to a final concentration of 2 x 
10° cells/ml in supplemented RPMI 1640 medium. 


2. Distribute titrations of IL-12 in 100 yl volume in triplicate in 96-well 
microtitration plates. Start the titration of the standard at 50 ng/ml and 
make serial dilutions down to 0.5 pg/ml. Make appropriate dilutions of 
the unknown samples in 100 pl volumes. As a negative control include 
medium alone. 


3. Add 100 wl of the washed cell suspension to each well and incubate 
the plates for approximately 72 h at 37°C in a humidified CO, incubator. 
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4. Follow steps 5 and 6 of Protocol 1. 


5. Plot a standard curve of c.p.m. versus concentration of IL-12. Estimate 
activity in unknown samples by comparing test results with standard 
curve (see Section 6). 





2.11 Bioassay for interleukin-13 (IL-13) 


This cytokine can be assayed either by its ability to induce expression of CD23 
on B cells or IgE synthesis by purified B cells, or by proliferation of activated 
human B lymphocytes, as for IL-4 (Chapter 9) and IL-14 (Protocol 11). 
Alternatively, it can be measured by its proliferative effect on the human 
erythroleukaemic cell-line, TF-1 (described in Protocol 13). 


2.12 Bioassay for interleukin-14 (IL-14) 


IL-14 can be assayed by its ability to induce proliferation of activated B cells 
(17). For this, B lymphocytes are purified from peripheral blood or tonsils, 
using Ficoll-Hypaque separation of mononuclear cells followed by monocyte 
depletion by adherence and T cell depletion by E-rosetting as described in 
Chapter 10. The resulting B cells are then used in the co-stimulatory assay as 
indicated in Protocol 11. 


Protocol 11. B cell co-stimulatory assay? for IL-14 


Equipment and reagents 


e B cells (see Chapter 10) e Centrifuge (see Protocol 1) 
e RPMI 1640 supplemented with 10% FCS e PBS 


e Staphylococcus aureus Cowan 1 strain œ IL-14 standard 
(SAC; Immunoprecipitin, Bethesda Re- e Test samples 


search Labs) e [H]thymidine (Protocol 1) 
e 37°C incubator e Filter mats 
e Ficoll-Hypaque e Liquid scintillation counter system 
Method 


1. Prepare B cells as described in Chapter 10, and resuspend in RPMI 1640 
supplemented with 10% FCS. 

2. Incubate B cells with 1:25000 dilution of Staphylococcus aureus Cowan 
1 strain, SAC (Immunoprecipitin, Bethesda Research Laboratories, 
Gaithesburg, MD) in RPMI 1640 and 10% FCS for 72 h in a 37°C 
incubator. 

3. Remove dead cells by Ficoll-Hypaque separation and centrifugation at 
250 g for 10 min in RPMI 1640 and 10% FCS. 
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Protocol 11. Continued 


4. Wash cells twice with PBS and resuspend at a concentration of 1 x 10° 
cells/ml. 


5. Distribute titrations of an IL-14 preparation in 96-well microtitre plates 
in 100 ul volumes. For unknown samples, make appropriate dilutions. 
For a negative control, include culture medium alone. 


6. Follow step 3 of Protocol 10. 


7. Add 1 pCi of tritiated thymidine to each well and return culture plates 
to the incubator for a further 18 h. 


8. Follow step 6 of Protocol 1. 


9. Plot astandard curve of c.p.m. versus concentration of IL-14. For estima- 
tion of activity of unknown samples, compare test results with stan- 
dard curve {see Section 6). 


a This assay can be used to measure human IL-4 and human IL-13 by inclusion of an appro- 
priate cytokine standard. For measuring activity in samples, neutralizing antibodies should be 
used to confirm the presence of a particular cytokine. 


3. Bioassays for colony stimulating factors — 
interleukin-3 (IL-3), granulocyte colony stimulating 
factor (G-CSF), macrophage colony stimulating 
factor (M-CSF), granulocyte macrophage colony 
stimulating factor (GM-CSF), stem cell factor (SCF), 
and leukaemia inhibitory factor (LIF) 


Classically, these factors are assayed by their ability to stimulate the forma- 
tion of colonies of differentiated cells from progenitor cells of the bone- 
marrow in soft agar (see Chapter 15) (18). The type of colony produced 
depends upon the factor. IL-3 and GM-CSF stimulate the production of 
mixed colonies of different cell types, whereas G-CSF, M-CSF and erythro- 
poietin (Epo) are lineage-restricted and produce predominantly granulo- 
cyte, monocyte and erythroid colonies respectively. In such assays, colonies 
of more than 50 cells are counted and analysed after 7-14 days by eye using 
a binocular microscope. The number of colonies is usually related to the 
specific activity or concentration of the colony stimulating factor (CSF) in the 
agar culture. Morphological analysis by staining of dried and fixed gels allows 
proper identification of the colony type (18). This bioassay is not specific and 
is subject to interference by contaminating factors which may enhance or 
inhibit colony formation. In addition, standard protocols are slow and require 
a long incubation period. Alternative assays for CSFs measure the prolifera- 
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Figure 3. Dose response curve for human GM-CSF using the TF-71 cell-line bioassay. 
Closed circles show a standard curve for human GM-CSF (as described in Protocol 13). 
This assay responds to several other factors such as IL-3, IL-4, IL-5, and Epo. Specificity 
can be achieved by including a neutralizing antiserum (as shown). Open squares— 
titration of GM-CSF in the presence of neutralizing antiserum. Open circles —titration of 
GM-CSF in the presence of pre-immune serum. These sera were used at a dilution of 
1:2500. 


tive effect of these factors on cell lines derived from human leukaemias, e.g. 
AML-193, TALL-101, MO-7e, TF-1, and murine lines such as NFS-60, WEHI 
3BD*, and 32DC1. These lines provide rapid, sensitive and reliable assays 
but are not specific. Specificity can be achieved by using specific neutralizing 
antibodies (so called ‘blocking antibodies’) to inhibit the appropriate activity 
(Figure 3). Table 1 indicates the cell-lines routinely used for measuring human 
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Table 1. Cell-lines used in proliferation assays for measurement of human colony stimu- 
lating factors and other cytokines 


Cell-line Origin Cytokines Response Reference 
routinely to other 
assayed cytokines 


GNFS-60 Murine retrovirus-induced leukaemia G-CSF IL-6 M-CSF 19 
MNFS-60 Murine retrovirus-induced leukaemia M-CSF IL-6 9-CSF 20 
TF-1 Human erythroleukaemia GM-CSF SCF 21 
IL-3 
IL-4 
IL-5 
Epo 
IL-13 
Onco M 
LIF 
CNTF 
NGF 
AML-193 Human acute myeloid leukaemia GM-CSF — 22 
G-CSF 
IL-3 
MO-7e Human megakaryoblastic leukaemia GM-CSF TNF-a 23 
IL-3 IL-6 
IL-4 
IL-9 
SCF 
DA1.a Murine haemopoietic cell line LIF G-CSF 26 
BCL-1 Murine B-lymphoma IL-5 — 9 


CSFs and their cross-reactivity with other cytokines. Detailed protocols for 
some CSFs are described here; these protocols can be applied to measure 
other cross-reactive cytokines (Table 1) by inclusion of the appropriate cyto- 
kine standard. 

For assaying CSFs of murine origin, murine cell-lines are generally em- 
ployed (25). As for human lines, none of the murine IL-3 dependent lines 
are specific, DA1 cells also respond to IL-3, IL-4 and GM-CSF, NFS-60 cells 
to IL-3, IL-4, IL-6, GM-CSF, and G-CSF, FDCP cells to IL-2 and IL-4, 32 
DC1 cells to IL-2, IL-4, and G-CSF and BCL-1 cells to IL-4, IL-5, and 
GM-CSF. Blocking antibodies can be used to determine specificity (see 
Figure 3). 


3.1 Maintenance of MO-7e/TF-1 cell-lines 


Culture the cells in RPMI 1640 medium supplemented with 5% FCS and GM- 
CSF (approximately 4 ng/ml (40 IU/ml) for MO-7e, 2 ng/ml (20 IU/ml) for 
TF-1) in upright 75 cm? flasks. Cultures are split 1:5 to 1:7 every 2 to 3 days 
and refed with GM-CSF when the cell density reaches approximately 5 x 10° 
cells/ml. Cultures are maintained at 37°C in a humidified CO, incubator. 
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Protocol 12. Bioassay using MO-7e cell-line? 


Equipment and reagents 


MO-7e cell culture (Section 2.4.1) e 96-well microtitre plates 

Centrifuge (see Protocol 1) e Test samples 

Trypan blue e 37°C, 5% CO,, humidified incubator 
e RPMI 1640 medium e [H]thymidine (Protocol 1) 
e RPMI 1640 supplemented with 5% FCS e Filter mats 
e Appropriate standard (Table 3) e Liquid scintillation counter system 


Methods 


1. Wash MO-7e cells (2 to 3 days after feeding) as in step 1 of Protocol 1 
and resuspend cells in RPMI 1640 containing 5% FCS to a final concen- 
tration of 5 x 10° cells/ml. 


. Distribute titrations of an appropriate standard (GM-CSF, IL-3, SCF, IL-9 
etc., see Table 3) in 100 ul volumes in triplicate in 96-well microtitration 
plates. Start the titration of the standard, e.g. GM-CSF, at 10 ng/ml (100 
IU/mi) and make seria! dilutions (two-fold or ten-fold) down to 1 pg/ml 
(0.1 IU/ml). Make appropriate dilutions of the samples in 100 ul volumes 
in triplicate. As a negative control include culture medium alone. 


. Follow steps 4 and 5 of Protocol 4. 


. Plot a standard curve of c.p.m. versus concentration of the particular 
cytokine standard. Estimate activity in unknown samples by compari- 
son with standard curve (see Section 6). 


“This cell line proliferates with different sensitivities, to different cytokines, the order being 
GM-CSF or IL-3 > IL-9 > SCF. The range of the dose response curve for IL-9 is between 10 ng/ 
ml (approximately 100 U/ml) to 0.01 ng/ml (0.1 U/ml) and for SCF is 100 ng/ml (approximately 
100 U/ml) to 0.1 ng/ml (0.1 U/ml). 


Protocol 13. Bioassay using TF-1 cell-line® 


Equipment and reagents 


TF-1 cell culture (Section 3.1) e Test samples 

RPMI 1640 medium with and without 5% e 37°C, 5% CQO2, humidified incubator 
FCS e [?H]thymidine (Protocol 1) 
Centrifuge (see Protocol 1) e Filter mats 


Trypan blue e Liquid scintillation counter system 
e Appropriate standard (Table 3) 


Methods 


1. Wash TF-1 cells (2 to 3 days after feeding) as in step 1 of Protocol 1 
and resuspend the cells to a final concentration of 1 x 10° cells/ml in 
RPMI 1640 containing 5% FCS. 
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Protocol 13. Continued 


2. Distribute titrations of an appropriate standard (GM-CSF, IL-3, IL-4, etc., 
see Table 3) in 100 pl volumes in triplicate. Start the titration of the 
standard, e.g. GM-CSF at 1 ng/ml (10 IU/ml) and make serial two-fold 
dilutions down to 0.1 pg/ml (0.001 IU/ml). Make appropriate dilutions 
of the samples in 100 wl volumes in triplicate. As a negative control 
include medium alone. 

3. Follow steps 4 and 5 of Protocol 4. 

4. Plot a standard curve of c.p.m. versus concentration of the particular 


cytokine standard. Estimate activity in unknown samples by compari- 
son with standard curve (see Section 6). 


*This cell line exhibits differential sensitivity to different cytokines, the order being GM-CSF or 
IL-3 > IL-5 > IL-4. For IL-4, therefore, the range of the dose response curve is between 50 
ng/ml to 1 pg/ml. 


3.2 Maintenance of GNFS-60 and MNFS-60 cell-lines 

Culture the cells in RPMI 1640 medium supplemented with 5% FCS and2 ng/ml 
(200 IU/ml) G-CSF for GNFS-60 and 17 ng/ml (1000 IU/ml) M-CSF for 
MNFS-60 in upright 75 cm? flasks. Cultures are split 1:5 to 1:10 every 2 to 3 
days and re-fed with G-CSF or M-CSF when the cell density reaches approxi- 


mately 5 x 10° cells/ml. Cultures should be maintained at 37°C in a humi- 
dified CO, incubator. 


Protocol 14. Bioassay of G-CSF using GNFS-60 cell-line 


Equipment and reagents 


e GNFS-60 cell culture (Section 3.2) e 96-well microtitre plates 
e Centrifuge (see Protocol 1) e Test samples 
e Trypan blue e 37°C, 5% CO2, humidified incubator 
e RPMI 1640 medium with and without 5% — e [H]thymidine (Protocol 1) 

FCS e Filter mats 
e G-CSF standard (Table 3) e Liquid scintillation counter system 
Methods 


1. Wash GNFS-60 cells (2 to 3 days after feeding) as in step 1 of Protocol! 
7 and resuspend cells to a final concentration of 1 x 10° cells/ml in 
RPMI 1640 containing 5% FCS. 


2. Distribute titrations of the G-CSF standard in triplicate in 96-well micro- 
titration plates. Start the titration of the standard at 1 ng/ml (100 1U/ 
ml) and make serial two-fold dilutions down to 1 pg/ml (0.1 IU/ml). 
Make appropriate dilutions of the samples to be measured for G-CSF 
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activity in triplicate in 100 ul volumes. As a negative control include 
culture medium alone. 


. Follow steps 4 and 5 of Protocol 4. 


. Plot a standard curve of c.p.m. versus concentration of standard. Esti- 
mate activity in unknown samples by comparison with standard curve 
(see Section 6). 


Protocol 15. Bioassay of M-CSF using MNFS-60 cell-line 


Equipment and reagents 


e MNFS-60 cell culture (Section 3.2) e Test samples 
e Centrifuge (see Protocol 7) e 96-well microtitre plates 


e Trypan blue e 37°C, 5% CO», humidified incubator 
e RPMI 1640 medium with and without 5% e [H]thymidine (Protocol 1) 


FCS e Filter mats 
e M-CSF standard (Table 3) e Liquid scintillation counter system 


Method 


1. Wash MNFS-60 cells (2 to 3 days after feeding) as in step 1 of Protocol 
1 and resuspend cells to a final concentration of 5 x 10° cells/ml in 
RPMI 1640-containing 5% FCS. 


. Distribute titrations of the M-CSF standard in 100 pl volumes in tripli- 
cate in 96-well microtitration plates. Start the titration of the standard 
at 100 ng/ml (6000 IU/ml) and make serial two-fold dilutions down to 
10 pg/ml (0.6 IU/ml). Make appropriate dilutions of the samples to be 
measured for MCSF activity in triplicate in 100 pl volumes. As a nega- 
tive control include culture medium alone. 


. Follow steps 4 and 5 of Protocol 4. 


. Plot a standard curve of absorbance versus concentration of standard. 
Estimate activity in unknown samples by comparison with standard 
curve (see Section 6). 





3.3 Bioassay for leukaemia inhibitory factor (LIF) 
This cytokine can be assayed by its ability to induce differentiation of the 
monocytic leukaemia cell-line, M1. However, a number of other assays have 
also been developed, e.g. bone-marrow colony assay (in which LIF synergizes 
with IL-3 to produce multilineage colonies) or proliferation assays employing 
either the murine cell-line, DA-1la or the human cell-line, TF-1. 


3.3.1 Maintenance of DA-1a cell-line 


Grow cells in RPMI 1640 containing 10% FCS and 1 ng/ml (approximately 
10 U/ml) LIF. Cultures are split 1:5 to 1:10 every two to three days. 
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Protocol 16. Bioassay of LIF using DA-1a cell line? 


Equipment and reagents 


e DA-1a cell culture (Section 3.3.1) e Test samples 
e Centrifuge (see Protocol 7) e 96-well microtitre plates 
e Trypan blue e 37°C, 5% CO2, humidified incubator 


e RPMI 1640 medium with and without 10% œ [H]thymidine {Protocol 1) 
FCS e Filter mats 


e LIF standard {Table 3) e Liquid scintillation counter system 


Methods 


1. Wash DA-1a cells (2 to 3 days after feeding) as in step 1 of Protocol 
1 and resuspend to a concentration of 1 x 10° cells/ml in RPMI 1640 
containing 10% FCS. 


. Titrate the LIF standard in triplicate in 96-well microtitre plates. Start 
the titration at 1 ng/ml (approximately 10 U/ml) and serially dilute two- 
fold down to 0.5 pg/ml (0.005 U/ml) in 100 ul volumes. Make appropri- 
ate dilutions of the samples. As a negative control, include culture 
medium alone. 


. Follow steps 4 and 5 of Protocol 4. 


4. Plot a standard curve of c.p.m. versus concentration of LIF. Estimate 
activity in unknown samples by comparing test results with standard 
curve (see Section 6). 


a This line also responds to human G-CSF and murine G-CSF, IL-3, IL-4, and GM-CSF. DA-1a is 
a clone of the DA1 cell-line. 





3.4 Bioassay for stem cell factor (SCF) 

The most commonly used assay for SCF is the bone-marrow colony assay; 
SCF synergizes with other CSFs and cytokines to form multilineage colonies. 
SCF can also induce proliferation in the murine mast cell-line, MC/9.7 An 
easier and straightforward assay for this cytokine is based on its ability to 
stimulate proliferation of the megakaryocytic leukaemic cell-line, MO-7e 
(described in Protocol 12). 


4. Bioassay for interleukin-8 (IL-8) and other 
chemokines 


Most bioassays for IL-8 rely upon the stimulatory effect this cytokine has on 
the migration of polymorphonuclear leukocytes. The migration is assessed 


“ This assay is not very sensitive for human SCF. For an increased sensitivity, the use of the 
MO-7e cell-line is recommended. 


378 


21: Quantitative biological assays for individual cytokines 





Table 2. Bioassays for measurement of chemokines 


Chemokine Target cell types in Other assays 
chemotaxis assay 

IL-8 Neutrophils, basophils, T cells Degranulation of neutrophils, 

respiratory burst activity and 
lysosomal enzyme release from 
neutrophils. 

PF-4 Monocytes, neutrophils and Inhibition of angiogenesis. 
fibroblasts 

B-TG Neutrophils, fibroblasts 

RANTES Monocytes, eosinophils, Induces histamine release from 
basophils, memory T cells. basophils. 

MIP 1a Monocytes, B cells, cytotoxic T Induces histamine release from 
cells, CD4* T cells, basophils, basophils and mast cells, stem 
eosinophils cell inhibition. 

MIP1B Monocytes, CD4* T cells Lysosomal enzyme release and 


MCP-1, 2, and 3 


(preferentially the ‘naive’ T 
cells) 
Monocytes, basophils 


degranulation of neutrophils. 


Induces histamine release from 
basophils, augments superoxide 
production and lysosomal enzyme 
release from monocytes. 


GROa, B, andy Neutrophils Proliferation of Hs294T melanoma 
cell line, induces respiratory burst 
activity and lysosomal enzyme 
release from neutrophils. 

ENA-78 Neutrophils Induces Ca?* fluxes in 
neutrophils. 

|-309 Monocytes Induces Ca** fluxes in monocytes. 

IP-10 Monocytes, T cells 

NAP-2 Neutrophils Induces Ca** fluxes in 


neutrophils, elastase release from 
neutrophils. 


either by measuring chemokinesis (an enhancement of random movement) 
or by chemotaxis (a directed locomotion along a concentration gradient). 
Chemotactic activity can be measured using a Boyden chamber or a Neuro- 
probe microchamber or the agarose method as described in Chapters 13 and 
14. Alternative assays are based on respiratory burst activity, the elevation 
of intracellular Ca?* levels and elastase secretion from activated neutrophils. 
Table 2 lists available assays and target cell types employed in chemotaxis 
assays for different chemokines. The procedure used to measure release of 
elastase from activated neutrophils is described here. 
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Protocol 17. Isolation of neutrophils and measurement of elastase 


release by IL-8-stimulated neutrophils 


Equipment and reagents 


e Venous blood e Plate rotor 
e 100 mM EDTA in PBS e IL-8 standard (Table 3) 
e PBS with and without 0.9 mM CaCl, and 0.5 e Test samples 

mM MgCl, e Hexadecyltrimethylammonium bromide 
e BSA e Substrate solution: 0.44 mM N-t-BOC-Ala- 
e Cytochalasin B Pro-NorVal-p-chlorothiobenzylester in 0.2 
e Histopaque-1119 M Hepes buffer, pH 7.5, containing 0.7 M 
ə Histopaque-1077 NaCl, 4% dimethyl sulphoxide, 0.75 mM 5- 

: 5'-dithiobis (2-nitrobenzoic acid (Ellman’s 

e 50 ml centrifuge tubes reagent)) 
e Centrifuge 
Method 

1. Draw 50 ml of venous blood into 1 ml of 100 mM EDTA in PBS. Dilute 


with an equal amount of PBS (without CaCl or MgCly). 


. Dispense 10 ml of Histopaque-1119 into a 50 ml centrifuge tube. 


Overlay with 10 ml of Histopaque-1077 (outlined in the Histopaque 
booklet). 


. Carefully layer on 20 ml aliquot of the diluted blood on to the upper 


gradient (i.e. Histopaque-1077). 


4. Centrifuge at 700 g for 30 min at room temp. 


. Remove the centrifuge tube carefully. Two distinct opaque layers 


should be observed: the upper layer containing plasma, mononuclear 
cells and platelets, the middle layer containing granulocytes. The 
bottom of the tube contains sedimented erythrocytes. 


. Transfer granulocyte layer to another 50 ml centrifuge tube and add 


PBS (without CaCl. or MgCl.) to the top of the tube. 


7. Centrifuge at 200 g for 10 min. 
8. Wash cells twice in PBS (without CaCl, or MgCl»). 


9. Resuspend cells to a concentration of 1 x 10’ cells/ml in PBS with 


10. 


CaCl and MgCl. containing 0.1% BSA and 5 ug/ml cytochalasin B. 
Incubate for 10 min at 37°C and use immediately in assay. 


Distribute an IL-8 standard in 96-well microtitre plates. Start IL-8 titra- 
tion at 500 ng/ml (500 U/ml) and serially dilute down to 5 ng/ml (5U/ 
ml) in PBS with CaClz and MgCl, containing 0.1% BSA, in triplicate, 
in 100 ul volumes. For blanks, use PBS/BSA alone. For positive control 
(i.e. maximum elastase release) use 0.1% hexadecyltrimethylammo- 
nium bromide. Make appropriate dilutions of the unknown samples 
in 100 wl volumes. 
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Protocol 17. Continued 
11. Add 100 yl of pretreated cells (from step 9) and incubate for 30 min. 


12. Pellet cells in plate and transfer 50 wl of the supernatant to a fresh 
plate. 


13. To the supernatants add 50 wl substrate solution (Ellman’s Reagent). 
14. Allow colour to develop and measure the absorbance at 405 nm. 


15. Plot a standard curve of absorbance versus IL-8. Estimate activity in 
unknown samples by comparison with standard curve (see Section 6). 


Step 10 of assay should be prepared while the cells are being isolated 


so they can be used immediately. 





5. Bioassays for other cytokines 


5.1 Bioassay for tumour necrosis factors 


The most commonly used bioassay for TNF-a or TNF-8 (lymphotoxin) util- 
izes the cytotoxic action of these cytokines on murine fibroblasts such as L929 
or L-M cells or on a human rhabdomyosarcoma cell line, KYM-1 (26) (see 
also biological assay on WEHI 164 cells described in Chapter 17). TNF-a and 
B can be distinguished from each other by inclusion of neutralizing antibodies 
in the assay. 


5.1.1 Maintenance of L929 cells 

Grow cells in RPMI 1640 containing 10% newborn calf serum in 75 cm 
flasks. Subculture cells at weekly intervals using 0.01% trypsin and dilute 1:7 
in growth medium. 
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Protocol 18. Bioassay for TNF-a or -ß 


Equipment and reagents 
Absorbent paper 


e Log-phase L929 cell culture (Section 5.1.1) 


e Trypan blue e PBS, pH 7.2 

e RPMI 1640 medium containing 10% new- e Naphtho! blue/black stain (NBB): 0.05% 
born calf serum NBB, 9% acetic acid (v/v), 0.1 M sodium 

e Trypsin acetate; prepared and filtered through 

e 96-well microtitre plates Whatman No. 1 filter paper and stored at 

e 37°C, 5% CO, humidified incubator room temp. 


Formalin fixative: 10% formalin (v/v), 9% 
acetic acid (v/v), 0.1 M sodium acetate 


50 mM NaOH | 
ELISA plate reader | 


e TNF standard (Section 5 and Table 3) 
e Actinomycin D 

e Test samples 

ə Multichannel micropipettor 
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Methods 


1. 


15. 


Trypsinize cells in log-phase growth and dilute to 2 x 10° cells/ml in 
growth medium. 


. Aliquot 100 pl of cell suspension into each well of a microtitre plate 


and incubate for 24 h at 37°C, 5% CO, humidified atmosphere. 


. Distribute titrations of TNF standard (see Section 6 and Table 3) in 


triplicate in 200 l volumes in medium containing 2 pg/ml actinomy- 
cin D in a different microtitre plate. Start the titration of the standard 
at 100 IU/ml and then make serial two-fold dilutions down to 0.78 IU/ 
ml. Make appropriate dilutions of the samples in triplicate. For a 
positive control, add high TNF concentration (4000 IU/ml). For the 
negative control, add culture medium alone. 


. Using a multichannel pipette, transfer 100 ul of standards, samples 


and controls (medium alone and undiluted TNF standard) to the micro- 
titre plate containing cells. 


. Incubate plates for 24 h at 37°C, 5% CO2 humidified atmosphere. 
. Pour out medium and blot plate by inverting on to absorbent paper. 
. Wash cells with 100 ul phosphate buffered saline pH 7.2 and invert 


plate on to absorbent paper. 


. Add 100 pl naphthol blue black (NBB) stain. 

. Leave plates to stain for 30 min. 

. Pour off stain and invert plates on to absorbent paper. 

. Fix cells for 15 min with 100 pl formalin fixative. 

. Wash plates with tap-water and invert plates on to absorbent paper. 
. Add 150 wl of 50 mM sodium hydroxide to each well of the plate. 

. Carefully agitate the plate until the dye is evenly dispersed throughout 


the wells and determine the absorbance at 620 nm using an ELISA 
reader. 


Plot a standard curve of absorbance versus concentration of TNF. 
Estimate activity in unknown samples by comparison with standard 
curve (see Section 6). 


5.2 Bioassay for interferons (IFNs) 


Interferons are usually assayed by their ability to reduce the viral killing of 
target cell types by inhibiting the replication of an infecting virus. Generally, 
cell-lines of human origin—Hep2/C, WISH, A549 are best for assay of 
human interferon and cells of mouse origin, e.g. L929 for assay of mouse 
interferon. However, certain interferons, e.g. IFN-a may be measured using 
heterologous cell-lines. The challenge viruses commonly used in these assays 
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are encephalomycarditis virus (EMCV), vesicular stomatitis virus (VSV) and 
semliki forest virus (SFV). These cell—virus combinations have been used in 
several types of assays for measuring the potency of interferon preparations. 
(For details of some more of these techniques see Chapter 9.) One commonly 
used method, the cytopathic effect reduction (CPER) assay is rapid, economic 
and fairly reliable. The use of the Hep2/C—EMCV combination which is 
sensitive to a, B, and y forms of interferon is described. IFN-y can also be 
assayed by its ability to upregulate MHC class II expression on suitable cells, 
e.g. Colo 205. 


5.2.1 Maintenance of Hep2/C cell-line 
Culture Hep2/C cells in RPMI 1640 medium supplemented with 5% FCS in 


75 cm? flasks. Cultures are split 1:5 to 1:10 every 2 to 3 days when the flasks 
are confluent. Cultures are maintained at 37°C in a humidified CO; incubator. 


Protocol 19. Bioassay for interferons using Hep2/C cell-line 


Equipment and reagents 


e Hep-2/C cell culture (Section 5.2.1) e Paper towels 

e Trypan blue e Microscope 

e RPMI 1640 medium containing 5% FCS ə Amido blue/black stain (ABB): 0.05% ABB 
ə 96-well microtitre plates in 9% acetic acid (v/v), 0.1 M sodium 
e EMCV virus (Section 5.2) gee ale filtered 

e IFN sample standard (Table 3) ə Formalin fixative (Protocol 18) 

ə Test samples e 0.38% NaOH 


e Trypsin 0.01% e ELISA plate reader 
e 37°C, 5% COz, humidified incubator 


Method 

1. Add 100 wl of RPMI 1640 containing 5% FCS to all wells in the micro- 
titration plate. 

2. Assign wells for cell and virus controls, usually lines 1 and 12 are cell 
controls. In line 2, rows B, C, and D are cell controls and rows E, F, G 
are virus controls. 

3. Add IFN sample standard at approximately 500 IU/ml! to the wells 
in duplicate in 100 wl volumes and make serial dilutions down to 
approximately 0.1 IU/ml. Make appropriate dilutions of the unknown 
samples. 

4. Trypsinize Hep2/C cells and check the viability. Resuspend cells to a 
concentration of 5 x 10° cells/ml. 

5. Add 100 pl of cell suspension to each well including cell and virus 
controls so that the final volume in each well is 200 yl. 


6. Incubate the plates for 16—24 h at 37°C in a humidified CO7 incubator. 
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Protocol 19. Continued 


7. 


10. 


11. 


12. 


13. 


14. 
15. 


Check plates to ensure that confluent monolayers of cells are present. 
Remove the growth medium in the wells by flicking and blotting on 
a paper towel. 


. Dilute the EMCV to about 10-30 plaque forming units/cell in growth 


medium, or the dilution required to effect 100% cytopathic effect in 
unprotected virus controls. Add 200 pl of viral suspension to all wells 
except the cell controls. To the latter, add 200 ul of growth medium 
and return the plates to the COQ, incubator. 


. The time required for maximum CPE to develop depends on the 


specific cell—virus pairings. In the Hep2/C-EMCV combination, 20—24 
h at 37°C are adequate, the A549-EMCV combination requires 30—48 
h. Examine monolayers of the virus control wells microscopically to 
ascertain when maximum CPE is reached. Ideally, the cells should be 
completely lysed. 

Remove medium from all wells by flicking out. Add 100 pl of Amido 
Blue Black 

Remove the stain solution by flicking out. Fix the cell monolayers with 
100 pl of formalin fixative and leave the plates at room temp. for at 
least 15 min. 

Flick off the fixative and wash plates under running tap water for 5 
min. Dry plates at room temp. or at 37°C. 

Add 100 ul of 0.38% NaOH to each well. Make sure that the contents of 
each well are uniformly distributed by tapping the sides of the plates. 
Measure the absorbance at 620 nm using an ELISA reader. 


Plot a standard curve of absorbance versus concentration of inter- 
feron. Estimate activity in unknown samples by comparison with 
standard curve (see Section 6). 


5.3 Bioassay for TGF-f 


The classical assay for TGF-B is based on its ability to induce colony growth 
of fibroblasts in soft agar (27). For a routine assay, the mink lung-fibroblast 
line MV-3D9 can be used in a proliferation assay (28); TGF-B inhibits the 
proliferation of this cell-line. To achieve a greater sensitivity, however, it is 
better to use the recently described assay based on the ability of this cytokine 
to inhibit IL-5 induced proliferation of the TF-1 cell-line (29). Both assays 


are described here. 


5.3.1 Maintenance of MV-3D9 mink lung-fibroblasts 


Maintain cells in RPMI 1640 containing 5% FCS in 75 cm? flasks. When 


confluent (3—4 days), cultures are split 1:7 using 0.01% trypsin. 
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Protocol 20. Bioassay for TGF-8 using MV-3D9 cell-line 


Equipment and reagents 


e MV-3D9 cell culture (Section 5.3.1) e Test samples 

e Trypan blue e 37°C, 5% CQ>2, humidified incubator 
e RPMI 1640 medium containing 5% FCS e MTT (Protocol 6) 

e Trypsin 0.01% e Acid SDS (Protocol 6) 

e TGF-B standard (Table 3) e ELISA plate reader 


Methods 


1. Trypsinize MV-3D9 cells and resuspend to a density of 5 x 10° cells/ml 
in RPMI 1640 containing 5% FCS. 


. Distribute titrations of TGF-B standard in triplicate in a separate micro- 
titre plate. Start this at 10 ng/ml and serially dilute two-fold down to 
10 pg/ml in 100 ul volumes. Make appropriate dilutions of the samples. ° 
For a negative control add culture medium alone. 


. Add 100 wl of the cell suspension to each well and incubate plates for 
approximately 120 h at 37°C in a humidified CO, incubator. 


. Follow steps 4 and 5 of Protocol 6. 


. Plot a standard curve of absorbance versus concentration of TGF-B (see 
Figure 4). Estimate activity in unknown samples by comparison with 
the standard curve (see Section 6). 





Protocol 21. Bioassay for TGF-B7 using TF-1 cell-line® 


Equipment and reagents 


e TF-1 cell culture (Section 3.1) e IL-5 
e Centrifuge (MSE—benchtop) e Test samples 
e Trypan blue e 37°C, 5% CO,, humidified incubator 
e RPMI 1640 medium with and without 5% e [H]thymidine (Protocol 1) 

FCS e Filter mats 
e TGF-B standard (Table 3) e Liquid scintillation counter system 
Method 


1. Prepare cells as described in step 1 of Protocol 13. 


2. Distribute titrations of TGF-B standard in 100 wl volume in triplicate in 
96-well microtitre plate. Start the titration at 1 ng/ml and serially dilute 
two-fold down to 0.1 pg/ml. Make appropriate dilutions of the test 
samples. As a negative control include medium alone. 


3. Add 2 ng/ml (approximately 20 U/ml) of IL-5 to the prepared cell 
suspension at a density of 1 x 10° cells/ml. 
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Protocol 21. Continued 


4. Follow steps 4 and 5 of Protocol 4. 

5. Plot a standard curve of c.p.m. versus concentration of TGF-B (see 
Figure 4). Estimate activity in unknown samples by comparison 
with the standard curve (see Section 6). 


a Since TGF-B is initially produced in a latent form, biological samples may require acid acti- 
vation by addition of 10 u! of 1.2 M HCI per 100 ul of sample for 15 min and neutralization with 


25 w! of 0.5 M Hepes/0.72 M NaOH prior to inclusion in the assay. 
b Maintenance of the TF-1 cell line is described in Section 3.1. 





5.4 Bioassay for oncostatin-M 

This cytokine can be measured by its ability to inhibit the growth in vitro of 
several tumour cell-lines, e.g. the A375 melanoma line, or by stimulation of 
proliferation of the TF-1 cell-line (Protocol 13). 


5.4.1 Maintenance of A375 cell-line 

Culture A375 cells in Dulbecco’s minimal essential medium containing 5% 
FCS, 2 mM L-glutamine, 0.01% non-essential amino-acids, and 1 mM sodium 
pyruvate. Cells are subcultured twice a week using 0.01% trypsin and seeded 
at 1 x 10* cells/ml. 
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Figure 4. Standard curves for human TGF-8 using (a) the MV-3D9 cell-line (see Protocol 
20) and (b) the TF-1 cell-line (see Protocol 27). 
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Protocol 22. Bioassay for oncostatin-M using A375 cells 


Equipment and reagents 


e Log-phase A375 cells (Section 5.4.1) e 96-well microtitre plates 


e Dulbecco's minimal essential medium con- »e 37°C, 5% COs, humidified incubator 
taining 5% FCS, 2 mM L-glutamine, 0.01% . pgs 


non-essential amino acids, 1 mM sodium 


M vate e Methanol 
i sin 0.01% e Absorbent paper 
E pan blue e 0.1% crystal violet 


e Oncostatin-M standard (Table 3) 
e Test samples 


e 2% sodium deoxycholate 
e ELISA plate reader 


Method 


1. 


Trypsinize cells in log-phase growth and dilute to 2 x 10° cells/ml in 
growth media. 


. Distribute titrations of the oncostatin-M standard in 50 ul volumes in 


triplicate in 96-well microtitration plates. Start the titration at 5 ng/ml 
(approximately 250 U/ml) and make serial two-fold dilutions down to 
approximately 5 pg/m (0.25 U/ml). Make appropriate dilutions of the 
samples to be tested for oncostatin-M activity in triplicate, in 50 pl 
volumes. As a negative control use culture medium alone. 


Add 50 ul of cell suspension to each well and incubate the plates for 
about 72 h at 37°C in a humidified CO, incubator. 


4. Invert and flick plates over a sink to discard supernatant. 


5. Carefully wash plates three times with PBS at room temperature. 


6. Add 100 pl of methanol to each well and allow to stand at room temp. 


10. 


for 15—20 min. Discard the methanol and blot plates on to absorbent 
paper. 

Add 100 ul of 0.1% crystal violet and leave for 5 min at room temp. 
Wash plates gently with tap water until wash is clear, then blot on to 
absorbent paper. 


Add 100 ul of 2% sodium deoxycholate and agitate plates to disperse 
stain. 


Measure the absorbance at 620 nm using an ELISA reader. 


Plot a standard curve of absorbance versus concentration of standard. 
Estimate activity in unknown samples by comparison with standard 
curve (see Section 6). 
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Table 3. Availability of human cytokine standards and reference reagents 


Cytokine standards 


Cytokine Status Source 
Interleukin-1 alpha, rDNA IS NIBSC* 
Interleukin-1 beta, rDNA IS NIBSC* 
Interleukin-2, cell line derived IS NIBSC* 
Interleukin-2, rDNA RR NIBSC 
Interleukin-3, rDNA IS NIBSC* 
Interleukin-4, rDNA IS NIBSC* 
Interleukin-5, rDNA RR NIBSC* 
Interleukin-6, rDNA IS NIBSC* 
Interleukin-7, rDNA RR NIBSC* 
Interleukin-8, rDNA RR NIBSC* 
Rantes, rDNA RR NIBSC 
Macrophage inflammatory protein-1 alpha, rDNA RR NIBSC 
Interleukin-9, rDNA RR NIBSC 
Interleukin-10, rDNA RR NIBSC 
Interleukin-11, rDNA RR NIBSC 
Macrophage colony stimulating factor, rDNA IS NIBSC* 
Granulocyte colony stimulating factor, rDNA IS NIBSC* 
Granulocyte-macrophage colony stimulating factor IS NIBSC* 
(GM-CSF), rDNA 
Leukaemia inhibitory factor, rDNA RR NIBSC* 
Stem cell factor (SCF), rDNA RR NIBSC 
Oncostatin M, rDNA RR NIBSC 
Transforming growth factor B1, rDNA RR NIBSC* 
Transforming growth factor B2, rDNA RR NIBSC 
Monocyte chemoattractant protein-1, rDNA RR NIBSC 
Gro alpha, rDNA RR NIBSC 
Tumour necrosis factor alpha, rDNA IS NIBSC* 
Tumour necrosis factor beta, rDNA RR NIBSC 
Interferon alpha, leukocyte derived IS NIBSC 
Interferon alpha-1, rDNA IS NIBSC 
Interferon alpha-2a, rDNA IS NIAID 
Interferon alpha-2b, rDNA IS NIBSC 
Interferon beta, fibroblast derived 2nd IS NIAID 
Interferon beta [Ser'’], rDNA IS NIAID 
Interferon gamma, leukocyte derived BR STD NIBSC 
Interferon gamma, leukocyte derived IS NIAID 


rDNA, recombinant DNA; IS, International Standard; RR, Reference Reagent; NIBSC, National Institute 
for Biological Standards and Control, South Mimms, Herts. EN6 30G, UK; NIAID, National Institute 
of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, MD20205, USA. * Indicates 
availability from BRMP, Biological Response Modifiers Program, National Cancer Institute, Frederick, 


Maryland 21701. 


6. Analysis of results 


It is essential that bioassay data is analysed correctly and statistically evalu- 
ated. This is particularly important if a valid biological potency is to be 
assigned to a preparation and if samples are considered to have significantly 
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Table 4. Availability of murine cytokine standards and reference reagents 


Cytokine standards 


Cytokine Status Source 
Interleukin-1 alpha RR NIBSC 
Interleukin-1 beta RR NIBSC 
Interleukin-2 RR NIBSC 
Interleukin-3 RR NIBSC 
Interleukin-4 RR NIBSC 
Interleukin-6 RR NIBSC 
Interleukin-7 RR NIBSC 
Interleukin-9 RR NIBSC 
Tumour necrosis factor alpha RR NIBSC 
Granulocyte macrophage colony stimulating factor RR NIBSC 
Interferon alpha IS NIAID 

Interferon beta IS NIAID 

Interferon alpha/beta 2nd IS NIAID 

Interferon gamma IS NIAID 


RR, Reference Reagent; IS, International Standard; NIBSC, National Institute for Biological Standards 
and Control, South Mimms, Herts. EN6 30G, UK; NIAID, National Institute of Allergy and Infectious 
Diseases, National Institutes of Health, Bethesda, MD20205, USA. 


different cytokine activities. A useful approach for comparison of unknown 
samples with standard preparations is parallel line analysis. For this, the 
unknown samples are titrated and then compared to the standard curve 
of known unitage. The parallel portions of these curves are then used to 
measure the displacement from the standard which is proportional to the 
biologically active cytokine content of the samples. These lines should be 
parallel if the molecule responsible for the activity in samples/standards is 
the same. For a detailed account of bioassay analysis see (30). Alternatively 
an approximate estimate can be made by taking two or three points from the 
titration curve and reading the values from the standard curve. ‘Single point’ 
determinations are often misleading. Inclusion of reference standards is 
essential; these can be obtained from National Institute of Biological Stan- 
dards and Controls (NIBSC, UK) or National Cancer Institute (NCI, USA) 
—see Tables 3 and 4. An ‘in-house’ laboratory standard should be produced 
for routine use; this should be calibrated directly against the international 
standard or reference preparation. 
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RIA, IRMA, and ELISA assays for 
cytokines and their soluble receptors 


A. MEAGER 


1. Introduction 


The lack of absolute specificity of cultured mammalian cells for the activities 
of individual cytokines and the often relatively poor reproducibility of cytokine, 
bioassays has created the need for more specific and reproducible, alternative 
assays. This need has largely been filled by the development of immunoassays 
for cytokines. Such assays are based on antibodies to each different cytokine, 
are reasonably sensitive and reliable, and are quick and easy to perform. The 
amount of cytokine measured in immunoassays 1s related to the extent of 
antibody binding and this in turn may be correlated to biological activity (e.g. 
units/ml) when suitable cytokine standards of known biological potency are 
available. Alternatively, homogeneous cytokines of known protein content 
can be used to calibrate immunoassays in terms of cytokine concentration 
(e.g. pg or ng/ml). | 

Cell surface receptors for individual cytokines have been characterized as 
transmembrane glycoproteins. In addition, it is now known that for the 
majority of cytokine receptors their glycosylated extracellular domains may 
be cleaved enzymatically from the cell surface to form ‘soluble’ receptors. 
These soluble receptors can enter the circulation and may act as natural 
physiological ‘buffers’ of cytokine action since they are still able to bind their 
respective, cognate cytokine. Alternatively, they may act to transport cytokines 
to certain cells, tissues or organs (e.g. to the kidneys for elimination). Levels 
of particular soluble cytokine receptors, e.g. soluble interleukin-2 receptor 
(sIL-2R), soluble tumour necrosis factor 75 kda receptor (STNF75R), have 
been found to be raised in various acute and chronic pathological conditions, 
and can be used as disease markers. Their measurement, like cytokines 
themselves, can be accomplished by the use of appropriate immunoassays. 

Broadly speaking, three types of immunoassay—radioimmunoassay 
(RIA), immunoradiometric assay (IRMA), and enzyme-linked immuno- 
absorbent assay (ELISA), are in regular use for cytokine quantification. All 
three immunoassays require the availability of monospecific antibodies, i.e. 
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antibodies recognizing only that cytokine to be quantified. In addition, RIA 
requires radiolabelled, e.g. 5I, pure cytokine, and IRMA and ELISA re- 
quire one radiolabelled antibody and one enzyme-linked (or biotinylated) 
antibody, respectively. Soluble cytokine receptors have mainly been quanti- 
fied using the ELISA approach, but IRMA may also be used. 

It is beyond the scope of the present chapter to describe the production 
and purification of anti-cytokine- and soluble receptor-immunoglobulins (Ig); 
these are adequately dealt with elsewhere (ref. 1 and Chapter 19 in this 
volume). However, methods for radiolabelling cytokines and anti-cytokine 
Ig, and for linking anti-cytokine Ig to suitable enzymes or biotin are detailed 
below. 


2. Radioimmunoassays (RIA) ee 


These require that the cytokine to be quantified is available as a pure, 
homogeneous protein (or glycoprotein) and that the latter can be radio- 
labelled to a high specific activity without untoward structural alterations 
being induced. There are several ways in which cytokines may be radio- 
labelled with ‘I, and the choice of method largely depends on the robustness 
of the cytokine to the iodination conditions. For example, chloramine T (2) 
will undoubtedly radiolabel cytokines to very high specific activities, but in 
general it is too denaturing and leads to loss of biological activity. Other 
methods therefore are to be preferred and these include the iodogen (Pierce/ 
Sigma Chemical Co.), Enzymobead (Bio-rad) and Bolton-Hunter (Amer- 
sham International) methods. The suitability of these for individual cytokines 
should, if possible, be determined empirically. As an example, Protocol 1 
details the iodogen method as applied to radiolabelling of tumour necrosis 
factor alpha (TNF-a). 


Protocol 1. The iodogen method for radiolabelling TNF-« 


Equipment and reagents 


e Eppendorf (or small glass) tube e Carrier-free ['7°I]Na (100 mCi/ml) 

e 1 mg/ml iodogen (1,3,4,6-tetrachloro-3a, e Disposable 2 ml Sephadex G-25 column 
6a-diphenyl-glycouril) in trichloromethane e 2 mg/ml BSA in PBS (BSA-PBS) 

e TNF-a e Gamma counter system 


e 0.25 M sodium phosphate buffer, pH 6.9 
Methods 


1. Coat an Eppendorf (or small glass) tube with 40 pl of iodogen at 1 mg/ 
ml in trichloromethane, by solvent evaporation. 

2. Add TNF-a, 5 pg in 30 ul of 0.25 M sodium phosphate buffer, pH 6.9, 
together with 10 pl (1 mCi) carrier-free ['*°l] Na, to the iodogen-coated 
tube. Keep on ice for 10 min. 
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3. Transfer the contents of the tube to a disposable 2 ml Sephadex G-25 
column, previously equilibrated with bovine serum albumin (2 mg/ml) 
in phosphate-buffered saline (PBS). Wash the tube once with 40—50 pl 
phosphate buffer and add this to the Sephadex column. 


4. Elute the column with BSA-PBS and collect twelve 200 pl fractions. 
Count these in a gamma counter and determine the peak of radioactivity 
(usually in fractions 6—8). Store radiolabelled [12°] TNF-a at 4°C. It will 
be stable for up to 30 days. 





Instructions for '*°I-labelling with Enzymobeads (Bio-rad) and the Bolton- 
Hunter reagent (Amersham) are supplied by the manufacturers. A further 
alternative is the N-bromo-succinimide (NBS) method of Reay (3) and this 
has been successfully applied to the radioiodination of interleukin-1B (4). 

Generally speaking, most current radioimmunoassays for cytokines employ 
a competitive inhibition assay method. In brief, this means that variable 
amounts of cytokine, as serial dilutions of a standard or in samples, are 
incubated with a fixed amount of diluted polyclonal anti-cytokine antiserum, 
followed by a further incubation period with a fixed quantity of '*°I-labelled 
cytokine. Finally, antibody—cytokine complexes are removed from solution 
by addition of a second antibody (to the first species immunoglobulin) or 
other antibody-binding reagent, e.g. protein A. The amount of '7°I-cytokine 
bound therefore decreases as the concentration of unlabelled cytokine in- 
creases. 

An example of this type of radioimmunoassay is given in Protocol 2. 





Protocol 2. A cytokine radioimmunoassay 


Equipment and reagents 


e Cytokine standard and samples e 1.5% sheep anti-rabbit IgG in 4% polyethyl- 
e Assay diluent (BSA-PBS) ene glycol 

e Polystyrene tubes e Centrifuge (bench top) 

e Rabbit polyclonal anti-cytokine e Gamma counter 


e '25|-labelled cytokine tracer (e.g. 10000 
c.p.m.; 100 wCi/mg) 


Method 

1. Add serial dilutions of cytokine standard or samples in 100 ul of assay 
diluent to polystyrene tubes containing diluted rabbit polyclonal anti- 
cytokine (in 300 pl assay diluent/tube) and incubate for 24—28 h at 4°C. 
The dilution of the rabbit polyclonal giving maximum counts per minute 
(c.p.m.) of bound '2°l-cytokine (Bo) in the absence of unlabelled cyto- 
kine should be predetermined. 

2. Add '2°l-cytokine tracer (e.g. 10000 c.p.m.; 100 pCi/mg) in 100 pl assay 
diluent and incubate for a further 20 h at 4°C. 
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Protocol 2. Continued 


3. Separate free and bound cytokine by adding 1.5% sheep anti-rabbit 
IgG (0.5-1.0 ml) in 4% polyethylene glycol? (16—20 kDa) Mix and incu- 
bate for 1 h at room temp. then centrifuge at 1000 g for 30 min. 

4. Count radioactivity (B) pelleted in the assay tubes and express results 
as a percentage of B, (B/B, x 100; Figure 1a). 


“The polyethylene glycol separation step can be replaced if the second antibody is immobilized 
on beads or particles. For example, the Amerlex M system (Amersham International) uses 


magnetic separation of second antibody-coated particles. 





B/B x 100 





1 10 100 1000 
U/mi 


Figure 1. Typical calibration curves from (a) RIA, (b) IRMA, and (c) ELISA, based on in- 
house data for a human TNF-a standard (1 IU/ml = 25 pg TNF-a/ml). 


396 


22: RIA, IRMA, and ELISA assays for cytokines 


3. Immunoradiometric assays (IRMA) 
3.1. IRMA assays for cytokines 


In these assays the concentration of cytokine in a sample is determined by 
the amount of '“I-anti-cytokine IgG bound to cytokine captured by a first, 
immobilized, anti-cytokine antibody (1). Purified antibodies, but not pure 
cytokines, are therefore required for IRMA. For optimum performance, it 
is generally necessary to use two cytokine-specific antibodies, each of 
which recognizes a different epitope or antigenic determinant on the cytokine 
molecule, particularly when the cytokine is monomeric. Steric separation of 
the epitopes recognized is essential for the development of highly sensitive 
assays. Ideally, the use of two complementary anti-cytokine monoclonal 
antibodies (MAb) gives the most effective combination for IRMA, although 
polyclonal anti-cytokine IgG can also be used in many cases. 

For the capture antibody, anti-cytokine IgG is purified from (a) ascitic fluid 
containing anti-cytokine MAb or (b) polyclonal antiserum. 


Protocol 3. Purification of anti-cytokine IgG 


Equipment and reagents 


e Saturated ammonium sulphate solution e Ultragel ACA44 (or Sephacryl! 200) 
pH 7.4 e Elution buffer: 0.1 M sodium phosphate 
e Centrifuge (bench top) buffer, pH 7.2, containing 0.4 M NaCl 


e PBS 


Methods 

1. Add solid ammonium sulphate, pH 7.4, to 35% saturation to the serum or 
ascitic fluid and centrifuge the precipate formed at4°C at 5000 gfor 10 min. 

2. Dissolve the protein precipitate in a small volume of PBS and dialyse 
against PBS overnight at 4°C. 

. Separate anti-cytokine IgG by fractionation on Ultrogel ACA44 (or 
Sephacryl 200) using 0.1 M sodium phosphate buffer, pH 7.2, contain- 
ing 0.4 M NaCl, to elute. 

4. Test fractions for anti-cytokine IgG and pool the peak fractions. 





This is generally sufficient purification for the capture antibody. However, 
the antibody to be radiolabelled should be further purified by either: 


(a) Protein A-Sepharose chromatography (5) 

(b) DEAE-Affigel blue chromatography (6) 

(c) HPLC (7). 

Protein content may be estimated by the Lowry method (8). 
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Purified anti-cytokine IgG may be radiolabelled with ^I using the chloramine 
T method (2) (cf. radioiodination of cytokines in Section 2) as described below. 





Protocol 4. Chloramine T method for radiolabelling IgG 


Equipment and reagents 


e MAb IgG e Disposable 2 ml Dowex or Sephadex chro- 
e Eppendorf tubes matography column 

e 0.1 M sodium phosphate buffer, pH 7.4 e BSA-PBS (Protocol 1) 

e {'251]Na (10 mCi/ml) e 10% sodium azide 


e 5 mg/ml chloramine T (in distilled water) 


e 0.4 mg/ml t-tyrosine (in sodium phosphate 
buffer) 


Method 

1. Add 10 wg of MAb IgG to an Eppendorf tube containing 10 pl of 0.1 M 
sodium phosphate buffer, pH 7.4 and 10 wl (100 Ci) of ['°I]Na in the 
same buffer. 

2. Add 10 wl of freshly prepared chloramine T (5 mg/ml in distilled water), 
mix, and stir or agitate the tube contents for 45 sec. 

3. Terminate reaction by the addition of 50 ul of L-tyrosine (0.4 mg/ml in 
sodium phosphate buffer). 

4. Pass the iodination mixture through a disposable 2 ml Dowex or Sepha- 
dex chromatography column, and elute [1^1] MAb with BSA-PBS. Pool 
peak fractions and store with a drop of 10% sodium azide at 4°C. 


A method for carrying out IRMA, essentially that described by Secher (9), 
is outlined below as applied to the estimation of TNF-a. 


Protocol 5. IRMA assay for TNF-a 


Equipment and reagents 


Purified capture antibody (an anti-TNF MAb) e 100, or more, Luckham LP4 tubes 

PBS e TNF-a standard 

Etched polystyrene balls (6.5 mm; North- è Assay diluent: e.g. cell growth medium 
umbria Biologicals) containing 10% calf serum (see Section 5.2) 
Diluted antibody e Paper towels 

Glass Universal bottles e ['*°l]anti-TNF-a« second MAb 

0.1% BSA-PBS e Gamma counter 

0.5% BSA-PBS 


Method 


1. Prepare immobilized antibody as follows: dilute purified capture anti- 
body to approximately 50 wg protein/ml in PBS. Add approx. 100 
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etched polystyrene balls to 14 ml of diluted antibody in a glass Univer- 
sal. Submerge the beads in the antibody solution overnight at 4°C, then 
aspirate the antibody solution and wash 4—5 times with 0.1% BSA-PBS. 
The beads may be stored under 0.1% BSA-PBS at 4°C for several 
weeks, if necessary. 


. Simultaneously, fill one hundred or more Luckham LP4 tubes with 
0.5% BSA-PBS to block any binding to plastic surfaces, and leave over- 
night at 4°C. Remove tube contents by aspiration just prior to setting 
up the assay. 


. Prepare serial dilutions of TNF-a standard covering the range 0.1 IU 
(2.5 pg)/ml—1000 IU (25 ng)/ml in assay diluent. The latter should be 
identical, if possible, to the medium of the samples to be tested, e.g. 
cell growth medium containing 10% calf serum (see Section 5.2 for 
further discussion). Add 200 wl of TNF-a standard dilutions or samples 
to LP4 tubes. 


. Blot the washed antibody-coated beads to dryness on paper towels and 
add one bead per assay tube. The bead should be completely sub- 
merged and there should be no bubbles. Incubate assay tubes over- 
night at 4°C. 


. The following day, remove standard dilutions and samples by aspira- 
tion, and wash beads extensively with 0.1% BSA-PBS or simply water 
before addition of 200 pl of ['2°l] anti-TNF-a second MAb to all tubes. 
The second MAb should be diluted in 0.1% BSA-PBS so that the 
resulting solution contains approximately 10° c.p.m./ml. 


. Leave assay tubes a further 4 h at 4°C. Remove unbound ['2°l]-anti- 
TNF-a by aspiration and wash beads extensively with 0.1% BSA-PBS 
or water. 


. Count the tubes containing beads in a gammaz-radiation counter. The 
data so obtained may be plotted as c.p.m. bound (minus negative 
control, i.e. non-specific binding) versus TNF-a activity/concentration, 
in 1!U/ml or pg/ml, as log'°-log'® or semi-log'® plots to generate the 
calibration curve. Titres (IU/ml) or concentrations (pg/ml) of TNFa in 
test samples may then be simply interpolated from the calibration 
curve (Figure 1b). 


3.2 IRMA assays for soluble cytokine receptors 


IRMA for soluble cytokine receptors can be carried out in a manner similar 
to Protocol 5, except the capture anti-cytokine MAb is replaced by anti- 
soluble receptor MAb, serial dilutions of cytokine standard are replaced by 
serial dilutions of purified soluble receptors, preferably a reference prepara- 


tion of known receptor protein content, and the '*°I-labelled detector anti- 
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cytokine MAb is substituted by an appropriate 2>T-labelled anti-soluble re- 
ceptor MAb (labelling with ['*°I] is carried out as described in Protocol 4). 
As an alternative strategy, if capture anti-soluble receptor MAbs are avail- 
able that do not interfere with the binding of cognate cytokine to soluble 
receptor, !*°I-labelled cytokine (labelling with ['7I] is carried out according 
to Protocol 1 or similar) may be used instead of detector 125] -labelled anti- 
soluble receptor MAb, i.e. immobilized MAb-soluble cytokine receptor- 
(‘**I]cytokine. The latter guarantees that only functionally-active soluble 
receptors are detected and quantified. 


4. Enzyme-linked immunosorbent assays (ELISA) 


The principles involved in ELISA are the same as those for IRMA, except 
that the second anti-cytokine IgG 1s: 


(a) conjugated to an enzyme; 


(b) itself subject to detection with a third antibody-enzyme complex or vari- 
able combinations of biotinylated antibodies and streptavidin-enzyme 
complexes (10). 


Purification of anti-cytokine IgG for ELISA is the same as that described 
for IRMA (see Section 3). Three enzymes, horseradish peroxidase, alkaline 
phosphatase, and B-galactosidase, are regularly used for conjugation to 
second and third antibody or streptavidin ELISA reagents. Enzyme may 
be directly coupled to IgG or streptavidin using a variety of methods, the 
simplest of which involves mixing the reagents with a low percentage solution 
of glutaraldehyde (11). Alternatively, antibody reagents may be biotinylated 
using an N-hydroxysuccinimide-biotin ester and detected using streptavidin 
reagents, which bind with high affinity to biotin molecules (12). Synthetic 
biotin esters with a ‘spacer arm’ which ensures that the protein-linked biotin 
is freely accessible to bind streptavidin are commercially available (e.g. 
Amersham International) and it is recommended that the manufacturer’s 
instructions for biotinylation reactions are followed. 

Protocol 6 illustrates how various combinations of enzyme-linked and 
biotinylated-reagents may be effectively used in the construction of ELISA. 


Protocol 6. ELISA for cytokines 


Equipment and reagents 





e 96-well micro-ELISA plates e 1% BSA-PBS 
e Anti-cytokine IgG e 0.05% Tween-20 in PBS (Tween-20-PBS) or 
e Enzyme-linked (horseradish peroxidase or 0.1% Synperonic F68 (Serva)-PBS 
alkaline phosphatase conjugated) second © Cytokine standard 
anti-cytokine IgG e Test samples 
e 0.1 M sodium bicarbonate buffer, pH 9.6 e 0.1 M citrate-phosphate buffer, pH 5.0 
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e For horseradish peroxidase (HRT) con- in 1 M diethanolamine buffer, 0.5 mM 
jugates: 1 mg/ml orthophenylenediamine MgCl», pH 9.8 
(OPD) in citrate-phosphate buffer, 0.006% .ify H2SO0, (HRP) 
hydrogen peroxide e 3 M NaOH (AP) 
e For alkaline phosphatase (AP) conjugates: 
1 mg/ml p-nitro-phenylphosphate (pNPP) ARa aer 


Methods 


1. (The first step is similar in all cases.) Coat 96-well micro-ELISA plates 
with an anti-cytokine IgG by addition of 50—100 wl (depending on well- 
size) of anti-cytokine IgG (2.5-10 ug/ml) in 0.1 M sodium bicarbonate 
buffer, pH 9.6, to plate wells and incubate for 2 h at 37°C. Block the 
remaining sites in wells by addition of 150—200 wl of 1% BSA-PBS per 
well for at least 20 min. Seal plates and store at 4°C until required. 


2. Remove unbound anti-cytokine IgG and blocking buffer by flicking out 
and wash the wells a few times with 0.05% Tween-20-PBS or 0.1% 
Synperonic F68 (Serva)—PBS (150—200 wl/well). Following the last 
wash, add serial dilutions of cytokine standard and undiluted/diluted 
samples (50—100 wl/well) in duplicate/triplicate and incubate at 37°C 
for 1 h. (Incubation for longer periods may improve assay sensitivity 
and reproducibility.) 


3. Wash wells four times with 0.05% Tween-20-PBS or 0.1% Synperonic- 
PBS. Add enzyme-linked second anti-cytokine IgG, appropriately di- 
luted in 1% BSA-PBS, to all wells (50—100 wl/well) and continue incuba- 
tion for a further 1 h at 37°C. 


4. Wash wells four times with 0.05% Tween-20-PBS or 0.1% Synperonic- 
PBS. Additional washes with the buffer solution used for making up 
the enzyme substrate are recommended before adding the substrate 
solution. For example, wash wells twice with 0.1 M citrate-phosphate 
buffer, pH 5.0, prior to the addition of horseradish peroxidase sub- 
strate, orthophenylenediamine (OPD), at 1 mg/ml in the citrate- 
phosphate buffer containing 0.006% hydrogen peroxide. For alkaline 
phosphatase conjugates, wash wells twice with water prior to the 
addition of p-nitro-phenylphosphate (pNPP) at 1 mg/ml in 1M di- 
ethanolamine buffer, 0.5 mM MgCl. pH 9.8. 


5. Colour development is usually carried out in the dark for most substrates 
to avoid non-specific coloration occurring, and thus achieve low back- 
groundoptical densities. Theenzyme reaction, and hence colour develop- 
ment, may be terminated by addition of 1 M H2850; in the case of horse- 
radish peroxidase and 3 M NaOH in the case of alkaline phosphatase. 


6. Read optical densities (OD) at the wavelengths appropriate to the 
colour in the wells, e.g. 492 nm for OPD and 405 nm for pNPP. Plot 
data as OD versus cytokine activity/concentration in a similar way to 
that described for IRMA (Section 3, Figure 1c). 
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Protocol 6. Continued 


Variation 1. In step 3 addition of enzyme-linked second anti-cytokine IgG 
is replaced by addition of biotinylated second anti-cytokine IgG. This 
generates an extra step 3(a) in which, following removal of biotinylated 
IgG and washing wells with 0.05% Tween-20-PBS, an appropriately di- 
luted streptavidin-enzyme conjugate is added to all wells. Since the bind- 
ing of the streptavidin reagent is rapid, the incubation time after its 
addition is 20—30 min at 37°C, before proceeding to step 4 and continuing 
as previously outlined. 


Variation 2. In step 3 addition of enzyme-linked second anti-cytokine IgG 
is replaced by addition of appropriately diluted, unconjugated second 
anti-cytokine IgG. Processing this ELISA then entails one or two extra 
steps; 3(b) addition of enzyme-linked anti-species IgG (to the second anti- 
cytokine IgG) or 3(c) addition of biotinylated anti-species IgG followed by 
further addition of a streptavidin—enzyme conjugate. Each addition is 
preceded by extensive washing of wells with 0.05% Tween-20-PBS. 





The use of biotinylated reagents together with multivalent streptavidin- 
enzyme conjugates may enhance the sensitivity of an ELISA considerably, 
but may also tend to increase non-specific binding. It is clear that different 
combinations will have their advantages and disadvantages, and operators 
should, where possible, use the most suitable combination for a particular 
need. For example, samples containing large amounts of a cytokine would, 
in general, require a less sensitive and sophisticated ELISA than for samples 
containing low levels. 

ELISA for soluble cytokine receptors may be carried out by following 
Protocol 6, but replacing the anti-cytokine Ig reagents by the appropriate 
anti-soluble receptor Ig reagents and by substituting the serial dilutions of 
cytokine standard with those of the relevant purified soluble receptor refer- 
ence preparation. Alternatively, where anti-cytokine/anti-soluble receptor Ig 
reagents are available that do not interfere with cytokine binding to soluble 
receptor, other ELISA formats are possible, e.g. immobilized anti-soluble 
receptor Ig-(soluble receptor-cytokine complexes)-anti-cytokine Ig-enzyme. 
Variations I and 2, as outlined above, may also be applied to ELISA for 
soluble cytokine receptors. 


5. Problems 
5.1 Calibration 


For all types of immunoassays, correct calibration is vital. The standard used 
for calibration should contain the cytokine or soluble cytokine receptor to be 
quantified in a molecular form(s) that it is known or predicted to be representa- 
tive of the cytokine or receptor molecules present in samples. For example, 
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a human recombinant IFN-y standard which contains only non-glycosylated 
molecules should be used in the immunoassay of samples containing non- 
glycosylated IFN-y; such a standard may be unsuitable for calibration when 
samples containing leukocyte-derived, glycosylated IFN-y molecules are 
assayed. Where cytokines exist naturally as mixtures of a number of closely 
related molecular species, e.g. IFN-a, it may not be possible to exactly 
duplicate the proportions of these in a standard preparation (1). 


5.2 Mixtures of cytokine and soluble receptors 


In some cases, samples can contain a mixture of free cytokine and cytokine- 
soluble receptor complexes, and immunoassays may only detect free cytokine 
because relevant antigenic determinants are hidden by soluble receptor in the 
cytokine-soluble receptor complexes. Such samples can lead to difficulties in 
interpretation of results, even though the correct calibrants have been em- 
ployed, i.e. it may be concluded that a cytokine is absent or present in much 
lower levels than actually exist. However, this problem may be overcome by 
utilizing anti-cytokine Ig reagents that: (a) recognize epitopes on the cytokine 
molecule that are not obscured by soluble receptors, or (b) are of high enough 
affinity to compete with and remove soluble receptors from cytokine molecules. 
It should be noted that such immunoassays give a measure of the total 
cytokine content of a sample, but give no indication of the amounts of free- 
(active-) and complexed-(inactive-) cytokine present. 


5.3 Assay diluent or matrix 


The diluent or matrix for immunoassays should be identical for the cytokine 
standard or soluble receptor reference preparation and for samples. ‘Recog- 
nition’ of cytokine/soluble receptor is often influenced by overall concentra- 
tions of other molecules, e.g. proteins, mucopolysaccharides, in the matrix, 
and appropriate precautions should be taken to ensure that these do not 
unduly influence the results. For example, biological fluids such as sera or 
synovia may be highly viscous when undiluted and, where possible, it is 
recommended that these be diluted with an appropriate buffer, or enzyme- 
treated, e.g. hyaluronidase for synovial fluids, to reduce viscosity before 
assay. For the estimation of cytokines/soluble receptors in biological fluids, 
the cytokine standard/soluble receptor reference preparation should be pre- 
pared by serial dilution in a comparable fluid, previously shown to give only 
background or baseline OD in the immunoassay. 


5.4 Samples from different sources 


Problems are most likely to arise in the assay of differently-sourced biological 
fluids containing very low levels of cytokine, and those where cytokine is 
actually absent. Here, there will be some variation in composition of indi- 
vidual samples and it will be virtually impossible to match the matrices of 
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these to that used for standard dilution. This often leads to some scatter about 
the assay background OD reading and consequent difficulties in the inter- 
pretation of results. Additionally, biological fluids may contain substances 
other than cytokine which can ‘bridge’ the first and second anti-cytokine IgGs 
and generate false positives. For example, human sera or plasma occasion- 
ally, in varying amount, contain anti-murine IgG and this will bind to the first 
anti-cytokine antibody if it is a murine MAb. The second anti-cytokine IgG 
can then bind to the Fc portion of human anti-murine IgG to yield a positive 
result in the immunoassay. This kind of artefact may be reduced or eliminated 
by either including a few per cent mouse serum (13) in the assay diluent or 
by using the Fab fragments of anti-cytokine IgGs. On the other hand, biological 
fluids may contain cytokine inhibitors, other than soluble cytokine receptors 
(Section 5.2), which can bind to cytokines in a way such that epitopes recognized 
by anti-cytokine IgGs are blocked. This will lead to false negatives. Polyvalent 
substances such as heparin, which can bind to certain cytokines, e.g. fibro- 
blast growth factors, should therefore not be used in the preparation of 
plasma, for example. 
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antibodies 334 

assays 365-6 

B cells 144 


Index 


cloning 9, 13 

ELISPOT assay 351 

endothelial cells 215 

expression 11 

primer for RT-PCR 63 
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cleaning protected fragment 45 
controls 42-3 
hybridization 44 
probe preparation 43-4 
template DNA 43 
RNA 
conversion to cDNA 3-4, 58-9, 72 
Northern blotting 35-42 
preparation 2-3, 36-8, 58, 70 
RT-PCR, see polymerase chain reaction 


Saccharomyces cerevisiae 12 

Scatchard plot 79-81 

screening of cDNA libraries 4-9 
direct expression in bacterial cells 6 
direct expression in mammalian cells 7 


direct expression by in vitro transcription 5 


hybrid selection 4 
oligonucleotide screening 8 
screening on basis of protein sequence 
data 9 
screening of biological activity 4 
second messcnger sytems 61 
Semliki Forest virus 130-1, 133 
sense RNA probes 47-9 
serum-free culture of bone-marrow 253-4 
sheep antibodies to cytokines 336 
Sindbis virus 130, 133 
single cell assays for cytokines 339-56 
single cell CMC assays 211-12 
slot blots of tail DNA 306-7 
small peptide analogues for immunization 
328-9 


Index 


Southern blotting of cytokine genes 19-34 
agarose plugs 21 
artefacts 30-1 
background sources 31-2 
contamination with plasmid DNA 30 
controls 24 
cross-linking of DNA 24 
degraded DNA 28 
gel electrophoresis 22-4 
interpretation 30-2 
membrane hybridization 29-30 
nick-translation 27-29 
oligolabelling 25 
partial digests 28 
preparation of DNA 19-21 
probes 27-9 
pulsed field gel electrophoresis 23 
quantitation 33 
random priming 27 
restriction enzyme digest 21-2 
size markers 24 
transfer of DNA 24-7 
SP6 polymerasc 5 
sphingomyelin 94 
sphingomyelinases 94, 102-8 
spun column 41 
standards for cytokines 363 
Staphylococcus aureus Cowan 1 strain 147 
stem cell factor (SCF) assay 378-9 
streptavidin-biotin (AB) method 343-5 
supcroxide anion release 270-1 


tail DNA preparation 304—5 
T cell depletion 150-1 
T cell replacing factor 169-71 
tetanus antigen-specific T cell lines 189-90 
TF-1 ccll line 377, 386 
TGF-B, see transforming growth factor B 
Th,/Th, cells 186-7 
thin-layer chromatography 99, 101, 103 
thromboplastin activity assay 233-5 
thymidine uptake assay 285-8 
T lymphocyte methods 179-96 
autoreactive T cells 192-3 
cloning 192 
cytokine effects on T lymphocytes 188-95 
cytokine production 183-8 
IL-2 release bioassay 194-5 
isolation for cytokine production 179-83 
isolation from peripheral blood 180-1 
isolation from solid tissue 183 
isolation from synovial fluid 182-3 
limiting dilution 190-1 
one step ficoll 180-1 
SRBC rosette formation 181-2 
T cell lines and clones 189-92 
tetanus antigen specific T cell lines 189-90 


416 


Index 


tonsillar mononuclear cells 148-9 
transformation of E. Coli 
transforming growth factor-f 
assay 384-6 
B cells 144 
T cells 183 
transgenic mice 297-308, 322-4 
animals 298-9 
egg transfer 302-3 
identification of transgene progeny 304-8 
integration/expression transgenes 303-4 
microinjection 301-2 
PCR screening 307-8 
pronuclear injection of DNA 297-301 
purification of DNA 299 
recovery of oocytes 300 
slot blots of tail DNA 306-7 
tail DNA preparation 304-5 
transmigration assay 242-5 
trypsin 262 
tumour infiltrating lymphocytes 203-4 
tumour necrosis factors (TNFs) 
antiviral activity 130 
APAAP technique 341 
assay 283-4, 382-3 
B cells 144 
cloning 9 


cytostasis/cytotoxicity 279-95 
2-D gel analysis of induced proteins 125 
expression 14 
IRMA assays 394-6 
LAK cells 206 
macrophages 276-7 
primer for RT-PCR 63-5 
radiolabelling 394-5 
T cells 184, 193 
two dimensional gel electrophoresis, see 2-D 
gel 


versene 281 

virus stock preparation 140 

virus yield reduction assay 138-40 
VSV 130-1, 133, 138, 140 


WEHI cells 283-4, 382 
WISH cells 383 


Xenopus laevis oocytes 5-6, 76, 81-2 


zoo blots 19 


417 























© LIBRARY 


NIR 


Amazing Help. 
http://nihlibrary.nih.gov 





10 Center Drive 
Bethesda, MD 20892-1150 
301-496-1080 






MRACTICAL 
PyP PROACH 


sS E. R I E S 
Series Editors: D. Rickwood and B. D. Hames 





Cytokines are important regulators of cellular communication, 
playing a central role in tissue development and repair, immunity 
and inflammation. They are also implicated in the pathophysiology 
of many infectious, autoimmune, and malignant diseases, and form 
the basis of novel therapeutic approaches. Their production is 
subject to complex and strict control, with local generation of a 
network of transiently induced cytokines. 


Cytokines: A Practical Approach contains up-to-date methods for 
the study of cytokines, their receptors, and cytokine-driven 
processes, together with an overview of current cytokine biology. It 
provides a detailed research guide to the cloning, identification, 
characterization, and assay of cytokines, presenting key methods in 
molecular and cell biology, biochemistry, and immunology. 


This revised and updated second edition describes many important 
new techniques, including the development of cytokine transgenic 
and knockout mice, measurement of soluble cytokine receptors, 


and assays on the newer bial (up to and including IL-1 4). It is 
N Š 


4 ee ee ee ee Pe 


ia 


OCOIRL PRESS ISBN 0-19-963567-6 


at= = 
OXFORD UNI UNIVERSITY PRESS Il jL 





Oxford New York Tokyo 





9 "780 





